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The electrolytic reduction ketones has 
been studied with many compounds, and its 
reduction proceeds the formation hy- 
drocarbon, alcohol, and pinacol mixture 
both alcohol and pinacol. These reduc- 
tions depend upon the electrode materials, 
electrolyte, temperature, and the concentra- 
tion ketones. Concerning acetophenone, 
Elbs and found that alkaline 
acid solution lead cathode, was reduced 
mixture acetophenonepinacol and 
and Miiller® prepared acetophenonepinacol 
using many electrode materials alkaline 
acid solution. prepared 
phenylcarbinol with better yield the 
solution sodium sulfate mercury cath- 
ode and anode. the chemical meth- 
od, was hydrogenated 
methylphenylcarbinol room temperature 
Raney nickel catalyst. 

Raney nickel, however, has not been used 
for electrolytic reduction. The author tried 
prepare methylphenylcarbinol from aceto- 
phenone the electrolytic method with 
Raney nickel and found way produce 
with satisfactory result using lead cath- 
ode weak alkaline electrolyte with Raney 
nickel suspended. 


Experiment and Discussion 


acid alkaline solutions using lead, copper, 
and zinc amalgam electrode, the reduction 
acetophenone electrolytic method was not suit- 
able for the synthesis methylphenylcarbinol. 

Then Raney nickel was suspended cathodic 
Pure Chemical Industries Ltd.’s 
Raney nickel was used. this method, acid 
solution the resinous material formed electro- 
lysis mixed with nickel, adhered the cathode 
plate, and consequence the electrolysis was 
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not conducted well. alkaline electrolyte with 
Raney nickel which corresponded from about 
10% weight the ketone, the reduction 
was confirmed the most favorable for the 
purpose. The electrolysis was conducted under 
following conditions; 

Cathode: plate 100cm?; Cathodic solution: 
25g. acetophenone and 2g. Raney nickel 
hydroxide and alcohol was placed 
porous pot; 

Anode: carbon plate; Anodic solution: so- 
dium hydroxide 

Temperature: 25°C average; Time electro- 
lysis: hours. 

The electrolysis was carried out cooling the 
electrolytic bath cold water and vigorously 
stirring ;the cathodic solution which 2g. 
Raney nickel was added the same time. 

The completion electrolysis recognized 
when small quantity cathodic solution, after 
acidifying, gave negative ketone test with sensi- 
tive 2,4-dinitrophenylhydrazine reagent. 

After the finishing electrolysis, the alcohol 
was evaporated water bath and the residue 
was made slightly acidic additicn diluted 
sulfuric acid and had the nickel therein filtered 
off after cooling. Then was extracted repeat- 
edly with ether, and the combined ether extracts 
were dried over anhydrous potassium carbonate. 

The ether was removed and the 
led. The fraction distilling 98°-100°C/18 
was collected. Its yield was about corres- 
ponding 74% the theoretical amount. This 
substance was colorless, and gave negative test 
with 2,4-dinitrophenylhydrazine reagent, but 
smelled acetophenone when oxidized with po- 
tassium chromate and sulfuric acid, and formed 
2,4-dinitrophenylhydrazone melting 
(uncorr). 

Moreover, the reduced material was mixed with 
phenyl isocyanate and then the crystal formed 
was recrystallized from alcohol, m.p. 
This corresponds the reported value 94°C 
for methylphenylcarbinol. 

The average yield reduction was calculated 
correspond 73% the theoretical amount. 
The yield was not affected ketone concentra- 
tion from molar, but higher concentra- 
tions the yield was decreased, and resulted 
the formation tarry materials. Sodium ace- 
tate cathodic solution which was used for 
pinacol formation was not favorable this ex- 
periment. 
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The temperature was found not influence the 
reduction result from 20°C 50°C, but the yield 
was lowered above 80°C water bath. 

was also found that the current density had 

this method, was thought that the 
electrode material was little significance 
Raney nickel was suspended electrolyte, 
therefore copper cathode was used instead 
lead, and the electrolysis was conducted 
under the same condition before. 

Consequently, the same reduction product 
and similar yield was obtained. 

This was regarded catalytic reduction 
electrolysis, that is, the electrolysis was 
used only for the evolution hydrogen. 

the present, the electrolysis using 
the catalyst has been attempted different 
methods, but these have not been carried 
out well, because the catalyst reacted’on the 
acid electrolyte generally, except that plat- 
inum electrode was used. 

our experiment, however, electrolysis 
was conducted alkaline solution, the catal- 
yst was not changed, that this case was 
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thought very favorable. 

the experiments related above, 
benzene was not prepared from acetophen- 
one, and therefore the reduction 
obtained was carried out 
acid electrolyte. The electrolysis was con- 
ducted using zinc amalgam cathode 
the mixture 50% sulfuric acid and ethyl 
alcohol, and seemed that only benzene ring 
was partially hydrogenated, but the identifi- 
cation the reduction product was not 
investigated further. 


Summary 


The catalytic reduction acetophenone 
electrolysis using Raney nickel weak 
alkaline solution with lead copper cathode 
was studied and methylphenylcarbinol was 
prepared. 
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Introduction 


Considering possible reactions e-capro- 
lactam polymerization, they are sort re- 
action expressed the amide-interchange 
formula. The equations capable treating 
the reaction rate are introduced under such 
consideration, and simplified the approxi- 
mation peculiar the super high polymeric 
system. The main object this study 
elucidate the reality the supposed reaction 
formulas, experimentally. 

From the results this study, polymeri- 
zation reaction e-caprolactam considered 
interchange reactions, which two series 
polymerizates, namely chain- and ring- 
molecules, such supposed Jacobson and 
Herein 
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series chain-molecules should the 
series condensation polymerizate which 
had been primarily introduced 

Furthermore the heat polymerization and 
the activation energies amide-interchange 
reactions are estimated under these supposi- 
tions. The former apparently coincident 
with the value determined calorimetrically 


The Formulas the Reactions 


the catalyst e-caprolactam polymeri- 
zation, water, acids, bases, alkali metals, etc. 
have been reported. Now for the sake 
argument, assumed that benzoic acid 
alone used the catalyst and the lactam 
completely free water. the poly- 
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merizing reaction from such 
and benzoic acid, the monomer, dimer, 
trimer, ...... ...... the series chain- 
and ring (lactam)-molecules are designated 
Two end-groups chain-molecules must 
always and carboxylic acid groups. 
corresponds the benzoylaminocaproic 
acid, and corresponds the e-caprolactam. 
Besides the molecule free benzoic acid 
designated the notation 
Reactions between ring- 
molecules 
(i) About lactam-monomer 
L,+ 
(ii) About lactam-dimer 
(iii) Generally about lactam-m-mer 


(1) 
Lat (2) 
Reactions between two chain-molecules 
(3) 
Masi Mme Ma+m + Mi (4) 


Formula (3) represents the condensation 
reaction and formula (4) represents what 
called amide-interchange reaction. 

was already found that 
the completely dried 


cannot polymerized merely means of. 


heating it. The lactam-dimer -trimer 
should similar such behavior. These 
chemical properties make possible sup- 
pose that the reaction between two lactam- 
molecules should not arise; e.g. the reaction 
does not occur. When amide 
linkage and the carboxylic acid group collide, 
the amide-interchange reaction expected 
but when two amide linkages collide, 
the amide-interchange reaction not ex- 
pected ensue for the same reason. Con- 
sequently 
All the reactions which arise from 
caprolactam and benzoic acid can repre- 
sented any the above formulas (1), (2), 
(3), and (4). Those reactions can re- 
garded the amide-interchange reaction 
which indicated the following formula. 
the case ring-molecule, two radicals 
one molecule are linked together. Car- 
boxyl group chain-molecule can react with 
the amide linkage the lactam-molecule, 
the own chain-molecule the other chain- 
molecule. the result such reaction, 
polymerization, depolymerization what 


4) K. Hoshino, J. Chem. Soc. Japan (in Japanese), 
64, 628 (1943). 


called amide-interchange reaction expected 
arise respectively. 

Now consider the reaction where only 
lactam-monomer (L,) related. Hereafter, 
notations shall represent the 
mol. no. each molecule. this case 
sufficient consider the following equations, 

(5) 
(6) 


(In this paper represents 

for the super high polymeric system 
where the degree polymerization about 
100, and Therefore 
the following equations are approximately 
applicable the super high polymeric 
system, 

tive, the equilibrium and the reac- 
tion can discussed with (7) ap- 
proximation. 

for the super high polymeric system 
where the degree polymerization about 
100, too small make quantitative analysis 
extraction, and also from equilibrium between 


because the equilibrium constant will 
the magnitude nearly 

for the super high polymeric system 
where about 100, too small make 
quantitive analysis extraction and accord- 
ing Flory’s molecular weight 
derived from the probability law, 
p=0.99. 

The applicability eq. (7) for rate process 
depends the constancy reaction. 
Considering the general reaction formulas (1), (2), 
(3), (4), there change (1), (2), (4), 
and change (3). Accordingly, 
resulting from reaction (3) will negligible, and 
therefore Eq. (7) can applied the rate process. 


Depolymerizing Process 


Polycapramide filament about denier, 
which was completely free water soluble 
components, i.e. 
-trimer, through scouring boiling water, 
was dried used for experiments. 
was sealed glass tube and melted 
heat for definite time salt bath. 
Thereafter the content was analysed. The 
temperature the salt bath was maintained 
constant means mercury re- 
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gulator. Analytical procedures were fol- polymeric systems obtained the above 
lows. The sample was chipped and water mentioned depolymerizing process. 


soluble components were throughly extracted 
into boiling water. Then the nitrogen content 
this extract-solution was estimated 
micro-Kjeldahl’s method. Besides this anal- 
ysis, part this extract-solution was evap- 
orated and dried completely until the 
weight the residue became constant. The 
nitrogen content this residue was deter- 
mined decribed above. 

The filament yarn used for experiments was 
super high polymer whose degree polymeri- 
zation was seemingly about estimated 
from the intrinsic viscosity, i.e. (25°C 
Those polymers which have such 
high degree polymerization contain negli- 
gibly small quantities low molecular weight 
chainmolecules soluble water. Therefore 
one may practically consider the water soluble 
substances only low molecular weight 
ring-molecules, i.e. monomer, dimer and trimer 
lactam. the lactam-monomer much 
more volatile than the two others the quantity 
lactam-monomer can estimated from 
the above mentioned two nitrogen contents.” 

The temperatures reaction were 230, 
257, 280, 295 and 310°C. For the purpose 
comparison caprolactam was heated poly- 
merize with e-aminocaproic the same 
temperatures. Polymeric systems which had 
been equilibrated through such 
zation process were similarly analysed the 


120 


Amount lactam-monomer 
oO 
o 


Time reaction 


Fig. Amounts lactam-monomer 
depolymerizing process varying tem- 
peratures (Dots represent experimental 
values, and real lines represent deduced 
lines from the supposed equation.). 


5) W. E. Hanford and R. M. Joyce, J. Polym. Sci., 
3, 167 (1948). Independently O. Fukumoto in Research 
Laboratory of Toyo Rayon Co. had established the analy- 
sis of lactam-monomer discriminating lactam -dimer and 
-trimer. 


The results these experiments are shown 
Tables and II, and dots Fig. 


TABLE 
AMOUNTS LACTAM-MONOMER 
DEPOLYMERIZING PROCESS VARYING 


TEMPERATURES 
Temp. hrs. 
230 1.9 
2.5 
4.5 
5.8 
6.0 
257 2.5 
3.7 
5.8 
6.6 
6.9 
6.9 
280 4.9 
5.6 
8.2 
8.2 
8.3 
295 0.5 3.7 
5.0 
6.3 
3.5 8.2 
8.7 
8.8 
8.9 
310 5.6 
10.6 
10.5 
10.5 
TABLE 


AMOUNTS LACTAM-MONOMER AND -DIMER 
PLUS -TRIMER EQUILIBRIUM STATE 
HIGH POLYMERIC SYSTEMS 


Temp. (%) (%) 
230 6.2 2.0 
257 7.0 
280 8.3 
295 8.9 2.4 
310 10.6 


The rate reaction such high polymers 
can discussed Eq. (7). From Eq. (7) 
following equation may supposed. 


where no. lactam monomers, 
no. the end groups chain 
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molecules relating amide-interchange re- 
A=mol. no. the Brownian motion 
unit whole reaction phase. the rate 
constant lactam-monomer appearing from 
chain molecule (depolymerization), rate 
constant lactam-monomer disappearing 
into chain molecule (polymerization). 


(9) 
where L,° represents equilibrium. Sub- 
stituting Eq. (9) into Eq. (8), 


(10) 

necessary give explanation about 
the mol. no. average unit the 
Brownian motion the whole reaction phase. 
For the kinetics polymerization the melt 
phase the particularly concentrated solu- 
tion one cannot simply take “(the number 
mol.)/(the volume whole reaction phase)” 
the concentration the reaction com- 
ponent. more reasonable take “the 
molar fraction”; the fraction” 
this case “(the number mol.)/(the 
number mol. average unit the 
Brownian motion whole reaction 
For the polymer molecule the unit flow 
segment must taken into consideration 
apparently doubtful consider this 
unit structural unit the chemical 
The unit flow linear poly- 
amide had not been estimated melt visco- 
sity measurements. Nevertheless, the as- 
sumption that does not change reaction 
these depolymerizing processes, because the 
fairly high polymerized molecules always hold 
more than percent the system during 
the course the reaction. The particular 
studies the value shall reported 
next paper. 

Integrating Eq. (10) under assumption that 
and are invariable with time and 
the initial condition that 

are plotted against 
straight line through the origin ex- 
pected obtained case that Eq. (11) 
suitable. Values Table III 

6) K. Hoshino and M. Watanabe, Scientific Reports 

of Toyo Rayon Co. (in Japanese) Voi. 3, No. 4, 110 


(1948). 
7) A. Matthes, Makromol. Chem., 5, 197 (1951). 


were estimated from the slope these lines 
which were roughly found from the experi- 
mental data Table and II. The curve 
vers. recalculated from L,° and these 
the real line Fig. The experimental 
data fall this real line within the limit 
experimental error. This evidence 
confirm the supposed reaction formulas. 
Furthermore, because the values 
may approximately assumed hardly 
change with temperature, the activation 
energy depolymerization reaction, 
i.e. 
+ 
can obtained from these values 


AE act. 
are plotted against reciprocals 
the absolute temperature Fig. which 
linear and then leads 

12.5 kcal./mol. 


log 303) 


(1/T) 


Fig. Ratio depolymerizing rate plott- 
against the reciprocal absolute 
temperature. 


(9) takes the form, 
(12) 
The ratios equilibrium constants 
varing temperatures, relating the amide- 
interchange reaction about lactam monomer, 
can found from values L,°. Therefore 
one could determine the energy difference 
between lactam-monomer and struc- 
tural unit chain-molecule, because 
change with temperature may as- 
sumed for the first approximation. 
3.8 kcal./mol. was estimated from Fig. where 
log plotted against reciprocals the 
absolute temperature. 
conclusion. the thermochemical equation 
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log(K 


plotted against the reciprocal absolute 
temperature. 


and Fig. which illustrate energy levels 
such reaction can obtained. 


level lactam- 
monomer 


level struc- 
tural 
chain-molecule 


polymerizing and depolymerizing 
reaction. 


The values and afford the 
ratio rate constant kin Table means 
equation 

(13) 
the absolute values Table 
changed units concentration and 
time, only their ratio can criticized here. 


TABLE III 
THE RATE DEPOLYMERIZING VARYING 
TEMPERATURES FROM EXPERIMENTS 


Temp. (mol. no.) (mol. 
230 6.0 0.50 
257 7.0 0.98 
280 7.8 
295 8.9 
310 10.6 3.10 


where denotes number- 
average molecular weight. Molecular weight was 
estimated this relation. 

aminocaproic acid was added capro- 
lactam for the purpose accelerating the reaction. 

chain molecule can have two groups 
affecting amide-interchange reaction. Accordingly 
reasonable consider the mol. no. groups 
capable affecting amide-interchange reaction 


rather than the number chain-molecules. 
the case lactam and benzoic acid reaction, 
coincides with mol. no. chain-molecules. 


Polymerizing Process 


e-caprolactam and 100g. poly- 
capramide filament from which water soluble 
components are removed extraction, were 
sealed tube and heated 257°C. The 
decrease caprolactam was analysed. The 
methods heating and analyses were iden- 
tical with the above mentioned experiments. 
The results are shown circles Fig. 

Eliminating from Eqs. (8) and (9) 

Integrating eq. (14) under the initial condi- 

plotted against calculated from Eq. (15) 
using values that and 
shown Table IV, 
represented real line Fig. 


(15) 


TABLE 
THE RATE OF POLYMERIZING AT VARYING 
TEMPERATURES 
= 1 1 
T 303 KA (mol. A 
no.) 
no./mol. 
230 0.50 6.0 0.083 
257 0.98 7.0 0.14 
280 1.46 7.8 0.19 
295 2.25 8.9 0.25 
310 3.10 10.6 


Time reaction 


Fig. Amounts lactam-monomer 
polymerizing process 257°C (Circles 
represent experimental values and the 
real line represents deduced line from 
supposition.) 


Experimental data are accordance with 
the calculated curve within the limit ex- 


[Vol. 28, No. 


A 


5 
4 


March, 1955] 


perimental error. This accordance assures 
the reality assumed reaction formulas. 
For this means that two equilibrium con- 
stants, derived from the ratio rate con- 
stants polymerization and depolymeriza- 
tion and directly obtained from the amount 
lactam-monomer equilibrium state, are 
coincident. 


Discussion 


One the results this study that 
the difference energy between the 
lactam-monomer (closed ring) and the struc- 
tural unit chain-molecule (opened chain) 
3.8 kcal./mol. and the reaction exothermic 
measurement polymerization heat 
caprolactam under the existence water 
has been reported.*» According this report, 
the reaction exothermic and the heat 
polymerization 28.5-29.0 cal./g. independent 
the amount water. This value cor- 
responds 3.28 kcal./mol. lactam. the 
polymeric system contains ca. 10% low 
molecular weight lactam-molecules, the reac- 
tion heat the ring-opening caprolactam, 

becomes and this value ap- 


parently agrees the value deduced 


from this equilibrium experiments. 

However this value seems too small 
heat chemical reaction, but because the 
difference entropy reaction with tem- 
perature change considered negligibly 
small, this heat reaction probably due 
the potential which restricts the intra- 
molecular bond rotation. chain-molecules 
all the paraffine bonds can take the 
the gauche But the 
comparatively small numbered ring each 
these bonds cannot take the nor even 
the correct gauche configurations: only 
cyclohexane can the correct gauche configu- 
rations taken. e-Caprolactam ring con- 
tains five methylene- and one amide-linkages. 
For the present cannot calculate quanti- 
tatively the configuration these linkages. 
Suppose that cycloheptane ring can taken 
the substitute caprolactam ring. The 
potential energy this ring 
higher than the minimum energy belonging 
the configuration that all bonds take the 
trans, namely and components are re- 
spectively the energy difference between 
and gauche configurations and the additional 
energy due the deviation the correct 
gauche configuration. kcal./mol. 


8) “Physical Chemistry 1” Ed. S. Mizushima (in 
Japanese) Kyoritsu Publisher, Tokyo (1948), pp. 272—6. 


the energy difference between 
trans and gauche configurations normal 
paraffin, the value the latter will ap- 
plied here: then kcal./mol. 
Above 500°K even chain molecule contains 
considerable ratio the gauche configura- 
tions; the corresponding increment 
potential energy from the level all 
with the heat reaction (4E=3.6 kcal./mol.). 
Neglecting the differences the oscillation 
and the molecular rotation energies, 
=4E. Then obtained; 
this value considered conceivable. 
For the interpretation the heat réac- 
tion the idea above described fairly pro- 
bable. analogous treatment data for 
the sum lactam-dimer (14-membered ring) 
and -trimer (21-membered ring) leads the 
energy difference between chain and ring 
whose value was about 1/2-1/3 the value 
for monomer. the large numbered ring 
contains large ratio the configura- 
tion small deviation from the correct 
and gauche configurations, seems reasonable 
accordance with the above opinion. The 
larger the ring is, the smaller these effects 
are, and the ring becomes more stable. 

Activation energies, for the 
depolymerization where 
appears from the chain-molecule, and 8.7 
for the polymerization where 
lactam-monomer converted the chain- 
molecule were estimated. But there have 
been results studies directly referable 
for discussing these values activation ener- 
gies. Nevertheless, because these are com- 
paratively small (about 10kcal./mol.) and 
effective catalysts have tendencies ionize 
easily, the amide-interchange reaction seem- 
ingly the reaction where the ionization 
the rate the activation energy the 
pure amide-interchange reaction 
further investigated, such discussions will 
treated detail subsequent reports. 

The view that the lactam-polymerization 
amide-interchange reaction, may 
conjectured from the early D’Alelio 
imaginatively explained through the car- 
bonium ion under similar 


9) K. S. Pitzer, J. Chem. Phys., 8, 711 (1940). 
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Soc., 71, 3411 (1949). 
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86, 93 (1949). 

13) P. Schlack, U.S.P., 2,241,321 (1941). 

14) G. E. D’Alelio, “‘ Fundamental Principles of Poly- 
merization’? New York, John Wiley & Sons. Inc. pp. 
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Mark and also considered this 
interchange reaction. 

But recently was reported 
lecular condensation reaction; i.e. any cap- 
rolactam always hydrolyzed into e-am- 
inocaproic acid 


and polymerized the dehydration 
with other chain molecule 
therefore the lactam-monomer 
equilibrated with the aminocaproic acid only. 
And also Wiloth has taken the position that 
for the completely dried lactam benzoic acid 
cannot act catalyst: water necessary 
for benzoic acid catalyst. The ex- 
perimental bases these descriptions are 
seemingly doubtful and the kinetics his 
consideration was not investigated. water 
coexistent with benzoic acid both may 
catalysts. Matthes’ comprehensive re- 
search was accomplished and the addition- 
theory about the radical was 
represented. His experimental data are very 
useful, but his theory questionable. The 
author, like D’Alelio, has considered the 
amide-interchange reaction and revealed its 
reality: the reaction” 
shall probably “an ionic 

trans and gauche configurations chain molecule 
respectively, 

where 
the energy difference between both configura- 
tions. From values various temperatures about 
the value this constant 


15) H. Mark, A. V. Tobolsky, ‘‘ Physical Chemistry 
of High Polymeric Systems’’, Interscience Publishers, 
Inc., New York p. 382 (1950). 

16) F. Wiloth, Angew. Chem., 65, 351 (1953). 

17) Stuart, Die Struktur des freien Molekiils,” 
Springer Ver!ag (1952) pp. 219—21 
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roughly presumed about Substituting 
and (257°C) into the 
above equation, Then the ratio the 
gauche configurations chain molecule obtained 
and the increment the potential energy 


Conclusion 


All possible reactions lactam-polymeri- 
zation are brought reactions sort, i.e. 
amide-interchange reaction, and the equation 
enabling discuss the reaction rate 
measurable value derived the approxima- 
tion peculiar super high polymeric system. 
The experimental results polymerizing and 
depolymerizing processes show the reality 
this reaction formula. All reactions relating 
the lactam-monomer can indicated 
the amide-interchange equation, 

L, + Mn 

where are the lactam-monomer and 
n-mer-chain molecules respectively. 
polymerization caprolactam was 3.8 
exothermically, which coincides 
with the calorimetrically measured value. 
The ratios the reaction rates were derived. 
Activation energy depolymerizing 
8.7 kcal./mol., which suggest that the ioniza- 
tion will participate these reactions. The 
unit Brownian motion the molten linear 
high polymer presented this paper was 
not determined but will deduced from ex- 
periments about dilution subsequent 
paper. 
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these studies and permitted this publication. 
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Introduction 


The polycapramide ordinarily manufactured 
from contains the caprolactam- 
monomer, -dimer and -trimer which are solu- 
water. Even these lactams (ring-mole- 
cule oligomers) are completely removed from 
the polymer scouring hot water, they 
are always regenerated melting. has 
been found the author that the diluent 
coexistent melting, the quantities 
the regenerated lactams increase exceedingly. 
Besides, e-caprolactam polymerized 
the presence diluent, such prepared poly- 
mer contains greater quantities the lactam 
oligomers than that prepared from 
lactam only. The diluent has little effect 
the polymerization-degree the chain mole- 
cules, but makes the quantities lactams, 


especially notably increase. 


These phenomena suggest that the reaction- 
orders the lactam-formation 
tion) and the lactam-disappearing (polymeriza- 
tion) are different. 

Generally when the two reaction-orders 
the direct and the reversal reaction are dif- 
ferent, the effect the concentration the 
pressure important factor for the com- 
position equilibrium state. 

The polymer prepared from the pure capro- 
lactam without the diluent contains still 
considerable quantities lactams. This 
fact should interpreted showing that 
this case there also sort reaction 
the solution, and the problem how 
determine the concentration the component 
must subjected consideration above 
everything else. 

Usual methods determining the concent- 
ration the chemical kinetics are suitable 
the reaction gases the dilute solu- 
tions, but cannot directly applied the 
reactions liquid especially those the 
molten high polymer-systems. the reaction 
dilute solution the concentration the 
component usually represented means 
the number mols unit volume. Poly- 
merization makes little change volume 


* Presented at the 7th Annual Meeting of the Chem- 
ical Society of Japan in Tokyo, April 1, 1954. 


system. Then when such method applied 
the molten polymer system, only the 
number mol. any component invari- 
able, the concentration constant the 
whole course reaction whether polymeriza- 
tion occurs not: e.g. carboxylic acid group 
component this case. But polymerization 
occurring, even the number mol. 
invariable, the functional concentration should 
truly variable. the direct and reverse 
reactions are the same order, such com- 
plicated problem should not arise. 

view the clasSical interpretation, the 
“molar fraction” the most adequate ex- 
pression the concentration consider the 
probability the molecular collision, and 
order determine the molar fraction, the 
number mol. whole reaction phase 
must prescribed. But has not yet 
been known, how determine the number 
mols the molten high polymer, the 
author, the first step, assumed the average 
unit macro-Brownian motion for the linear 
high polymeric molecule, and the 
number mol. the whole reaction phase 
according this unit. for the viscosity 
liquid, Eyring has already considered the 
“segment” the unit flow the 
high molecular weight substance, and this 
idea has been experimentally approved 
real. Therefore, such consideration may 
seemingly applied the chemical reaction, 
namely collisions molecules, and the author 
had derived the equation kinetics the 
polymerization and depolymerization capro- 
lactam view the “segment” and the 
amide-interchange reaction 

this study the polymerizations 
lactam coexistence the various amounts 
thymol the various temperature were 
subjected the experiments. The experi- 
mental data were applied the deduced 
equation; the result that the reaction 
formulas about the amide-interchange reac- 
tion are proved again true and also 
the size the unit macro-Brownian motion 
the linear polycapramide molecules can 
determined. The size unit determined 
such method was nearly the same magni- 


1) H. Yumoto, This Bulletin, 28, 94 (1955). 
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tude the segments hydrocarbon” and 
determined the measurement 
the melt viscosities. 

the results determing the size 
such unit, the equilibrium constants 
various temperatures, concerning with the 
transforming reactions between lactam-mono- 
mer and the structural unit 


the polycapramide chain-molecule [—CO 
can estimated; from 
these equilibrium constants the energy differ- 
ence between both the above states can 
obtained more accurately than that estimated 
for the first approximation, its 
value giving better coincidence the value 
determined calorimetrically Skurator 
al.? 


Experiments 


caproic acid, and purified thymol were mixed and 


[Vol. 29, No. 


heated polymerize glass tube the atmos- 
pheric pressure preventing oxidation. The 
mounts the mixed thymol were changed from 
3/100 70/100 the molar ratio the sum 
mol. caprolactam and aminocaproic acid. The 
temperatures polymerization-reactions were 
257, 230 and 200°C. The time reaction 
257 230°C and 100hrs. 200°C. The 
boiling point thymol being 232°C, the tempera- 
ture the system containing large quantity 
thymol cannot rise 257°C under the atmos- 
pheric pressure the melting point polycapramide 
being 215-220°C, small quantity thymol could 
not used 200°C because solidification. 
Aminocaproic acid used the catalyst for the 
purpose shortening the time reach the equili- 
brium state but also can convert structural 
unit the polycapramide molecule the poly- 
merizible component. 

The obtained polymer contains the lactam 
oligomers. The amounts lactam-monomer and 
the lactam-dimer and -trimer were found 
through the micro-Kjeldahl’s nitrogen contents 
the water-extracted components: the quantities 


TABLE 
THE AMOUNTS LACTAM-MONOMER, AND SUM LALTAM-DIMER AND -TRIMER 


Polymeri- The number mol. The number mol. The number mol. 


temp. aminocaproic acid) diluent 
for polymerization 


257 1.00 
0.036 
0.072 
0.107 

230 1.00 
0.036 
0.072 
0.107 
0.143 
286 
0.572 

200 1.00 0.072 
0.178 
0.356 
0.572 
0.678 


2) W. Kauzmann and H. Eyring, J. Am. Chem. Soc., 
62, 3113 (1940). 

3) P. J. Flory, ibid., 62, 1057 (1940). 

4) S. M. Skuratov, A. A. Stepikheev, and E. N. 
Kanarskaya, Kolloid. Zhur., 14,185 (1952): Faserforsch- 
ung u. Textiltechnik 4, 390 (1953); Chem. Abstr., 46, 
8506 (1952). 

a) The weight of the sum of lactam-dimer and -trimer 
can be found through the analytical value, but the 
number of moles of the sum of them cannot be deter- 
mined unless the weight-ratio of them is estimated. 
The polymeric system of polycapramide contains two 
series of chain and ring molecules. Such polymeric 
system being in equilibrium, the ratio of the numbers 
of the ring molecules in their series will be presumed 
from the probability. The order of apporoximation 
for the value of the ratio calculated from the proba- 


The number mol. 
(lactam-dimer 


the lactam-monomer +-trimer) 


0.070 0.010 
0.079 0.009 
0.084 0.010 
0.092 0.010 
0.096 0.010 
0.006 
0.069 0.006 
0.068 0.007 
0.075 0.007 
0.081 0.007 
106 0.007 
0.151 0.007 
0.058 0.004 
0.071 
0.098 0.007 
0.125 0.007 
0.007 


bility may increase for the large rings, e.g. the 14- 

membered ring of lactam-dimer or the 21-membered 

ring of lactam-trimer. Therefore, by means of this 

presumption,7) the ratios of numbers of moles of lactam- 

dimer to that of -trimer were determined as follows; 

where Ly°=the number of moles of the m-mer ring 

(lactam) molecule at the equilibrium state, A=a con- 

stant. Using this relation the values: of (L,°+L,°) 

were obtained. 

5) P. J. Flory, J. Am. Chem. Soc., 58, 1877 (1938). 

6) K. Hoshino and M. Watanabe, Scientific Reports 
of Toyo Rayon Co. (In Japanese) Vol. 3, No. 4, 110 
(1948). 

7) H. Jacobson and W. H. Stockmayer, J. Chem. 
Phys., 18, 1600 (1950). 
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the water-soluble chain oligomers are negligibly 
These analytical procedures were si- 
milar that described the preceding paper.” 
The results the experiments are shown 
Table 

The degree polymerization the chain mole- 
cules were estimated from the intrinsic viscosity 
the cresol solution about the polymer prepared 
the temperature 230°C. The results pre- 
sented Table II. 
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constant, but this study the reac- 
tions coexistence the diluent the 
most important function. 


The larger the value is, namely the 
reaction which arises the more dilute 
state, the more lactam-monomer equili- 
brium is. Even the diluent increases, the 
degree polymerization the chain-mole- 
cules could hardly change; for only di- 


TABLE 
THE DEGREE POLYMERIZATON THE CHAIN MOLECULE THE POLYMER, 
PREPARED 230°C COEXISTENCE THYMOL 


The no. mol. thymol for mol. 
acid) 


25°C cresol 


The degree poly- 
merization (P) 


Discussions 


Assuming the number mol. the unit 
macro-Brownian motion the whole reac- 
tion phase the equilibration about 
lactam-monomer the case the super-high 
polymeric system was represented Eq. (9) 
the previous The reactions about 
lactam-monomer are 


Ma B+L,=M, (1) 

where =lactam-monomer, mer chain 
molecule, B=the catalyst unbound. For the 


super-high polymeric system, 


co co 
merizing mol. e-caprolactam, equili- 
brium 

(2) 
where number mol. lactam- 
monomer the equilibrium state, rate 
constant lactam-monomer formed from 
the chain-molecule, k=the rate constant 
lactam-monomer transform into structural 
unit the chain-molecule. the previous 
paper Eq. (2) was treated approximately 


(b) As for the super-high polymeric system where the 
degree of polymerization P is about 100, the amounts 
of water-soluble chain oligomers aré too small to make 
quantitative analysis by extraction. Besides, according 
to Flory’s molecular weight distribution,5) they are 
negligibly little. 

8) P. H. Hermans, Rec. trav. chim. Pay-Bas, 72, 

798 (1953). 

(c) The number-average molecular weight M was esti- 
mated by the following relation ;5) 

where (7) is the instrinsic viscosity on the cresol solu- 
tion at 25°C. It is enough to make a rough estimation. 


0.075 188 0.376 0.603 
1.13 1.10 1.08 0.87 0.94 
112 107 102 


rectly affected the quantity the reagent 
that possibly reacts the amide-linkage. 

experimentally required the diluent 
polycapramide and also chemically stable 
the temperature about 250°C. Thymol 
(m. wt. 150) was chosen among the usually 
obtainable substances. The reactiveness 


degree polymerization the chain-mole- 


cules) which represented Table II. The 
the dilution was, the smaller was. 
The dilution brought increase the lactam 
(ring)-molecules that the chain-molecules 
were decreased. Considering this effect, how- 
ever, the observed still smaller than 
the calculated value the assumption that 
thymol pure diluent. Nevertheless the 
decrease the value too slight 
assume that thymol reacts the amide- 
linkage, considering that the experimental 
error intrinsic viscosity measuring about 
5%. Although 0.6 mol. thymol was used 
lactam, was about 90; 0.6 mol. 
benzoic acid was used lactam, 
would less than Consequently the 
main effect thymol must the dilution. 
about 80, may enough ap- 


plied approximately because 


nm=t 


the case discussing the equilibrium about 
lactam-monomer, assuming thymol merely 


(d) Polymerizing 1 mol. of ¢-caprolactam with 0.5 mol. 
of benzoic acid at the temperature of 257°C, the num- 
ber-average degree of polymerization about the chain- 
molecules was 2.4 and the number of moles of lactam- 
monomer remaining in the systcem was 0.11. Benzoic 
acid effects the reaction not only as the diluent but also 
as the component that possibly reacts to the amide- 
linkage. 
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the diluent. 

The size the unit macro-Browian 
motion the polycapramide molecule has 
not yet been known. Then was assumed 
follows; 

“if mol. caprolactam were entirely 
polymerized into the polycapramide chain- 
molecule, the number mols the average 
unit macro-Browian motion would 

the high polymeric system the quantities 
the chain-oligomers are negligibly 
and only the ring-oligomers well 
considered quantitatively the oligomers. 
Assume that mol. caprolactam poly- 
merized together with mol. the diluent, 
and equilibrium L,°, and mol. 
lactam-monomer,-dimer and-trimer, respec- 
tively, are existence the polymer. Con- 
sequently 

(3) 
(4) 
Eq. (3) the case that only lactam-monomer 
besides the diluent taken into account 
the molecule the low molecular weight 
the phase reaction; Eq. (4) the case 
that also lactam-dimer and -trimer are con- 
sidered. far less than L,° 
shown Table that also Eq. (3) 
approximately applicable. Substituting Eq. (3) 
(4) into Eq. (2), 
(5) 

(6) 
about the experimental 
values Table Fig. Fig. result- 


04-03-02 -01 0 01 02 03 04 05 OG 07 OS O9 10 


Fig. Application the experimental 
data (Table Eq. (3). 


ab 
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ly 
_ 


+12 +V3_ 


1-(Lyt 2L2+ 


-04 -03 -02-0) O 01 02 03 04 05 06 07 08 09 10 


Fig. the experimental 
data (Table Eq. (4). 


ed. straight line through the dots 
obtainable, these experimental data seemingly 
satisfy the Eq. (5) Eq. (6). The values 
and can found from the gradient 
this straight line and from the coordinate 
the point this straight line cut across 
the horizontal axis, respectively. Three 
straight lines the temperatures 200, 
230 and 257°C seem apparently converge 
point the horizontal axis the limit 
experimental error. The 
tween Fig. and Fig. very small: but 
Fig. shall preferred spite the as- 
sumption determine The values 
and «/k from Fig. are shown 
Table III. 


TABLE III 
THE EXPERIMENTAL VALUES AND 
FROM FIG. 


Temp. 257 230 200 
0.36 0.36 0.36 


(i) The Size the Segment 
ing the experimentally obtained value 
and the above assumption about 
mol. caprolactam were entirely poly- 
merized into the polycapramide chain-mole- 
cule, 0.36 mol. the average unit macro- 
Browian motion would presented the 
phase. And the magnitude the average 
unit macro-Browian motion (1/0. 
the structural unit. Expressing 
the magnitude the number atoms 
the skeleton, because the structural unit 

The unit macro-Brownian motion should 
equivalent the unit flow discussed 
the “segment” which Eyring put forward 
about the motion macromolecule. The 
therto exclusively presumed from the activa- 
tion energy flow, and two examples are 
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known. Kauzmann and measured 
the activation energies flow about the 
various normal hydrocarbons and esti- 
mated the size the unit flow extra- 
polation about 20-25 atoms for the 
macromolecule. also measured the 
activation energies flow the polyesters 
and presumed under some suppositions the 
unit flow 28-34 atoms. 

The value here estimated about atoms 
the polycapramide somewhat smaller 
than these values the hydrocarbon and 
the polyesters, but roughly equal them. 
The method described here presume the 
size segment more direct and less 
hypothetical than the method from the vis- 
cosity measurement. far these three 
linear macromolecules are concerned, 
almost approved that the size the “seg- 
ment” molten state has 
relation the intermolecular strength 
cohesion. 

(ii) Equilibrium the con- 
stant which governs whether the structural 
unit close into open into 
chain through the amide-interchange reaction. 

The value not changed between 
200 and 257°C and then will possibly 
applied 310°C. When e-caprolactam 
polymerized without dilution the tempera- 
tures 230, 257, 280, 295 and 310°C, the amounts 
lactam-monomer and (-dimer+-trimer) 
the equilibrium state are analysed; these 
values were presented Table the 
previous The values and 
denote the numbers mols 
each molecules are deduced 
The value the case diluent 
each temperature can calculated 
Eq. (4), and substituting into Eq. (2), 
the value «/k obtained. The results 
such calculations are Plotting the 
logarithms «/k against the reciprocals 
the absolute temperature, Fig. obtained. 
The energy difference between the ring and 


TABLE 
THE VALUES THE EQUILIBRIUM CONSTANT 
THE VARIOUS TEMPERATURES 
/ k/k=L,°/A, 
S=0, 


230 0.009 406 
257 0.070 0.010 0.411 0.170 
280 0.083 0.010 
295 0.089 0.011 0.424 0.210 
310 106 0.011 0.244 


the chain states, i.e. 


may estimated through Fig. its value 


-07 


1.80 2.00 


Fig. Logarithms the equilibrium 
constants vers. reciprocals the ab- 
solute temperatures. 


2.10 2.20 


3.4-3.6kcal./mol. the previous 
the values could not determined, 
was treated constant under the first 
approximation. Therefore, there nothing 
for estimation the energy difference but 
use instead Practically the 


values the various temperatures are 


slightly different are shown Table IV. 
Considering this effect for the second ap- 
proximation, slightly smaller value obtained; 
this value coincids better with the heat 
polymerization calorimetrically measured 
Skurator al. 


Conclusion 


the previous paper the author deduced 
the equation kinetics about polymerization 
and depolymerization ¢-caprolactam the 
super-high polymeric system through the 
amide-interchange reaction, and investigated 
the formulas experimentally. succession, 
the experiments about the polymerization 
with thymol the diluent 
were carried out 200, 230 and 257°C and 
their results were discussed view the 
deduced equations. The quantities lactam 
oligomers the polymeric systems contain- 
ing the diluent were larger than those con- 
taining diluent. Such inclination shows 
the reaction-orders polymerization and 
depolymerization different. The increase 
lactam-monomer satisfied the deduced 
equation quantitatively. Then from this rela- 
tion the size unit macro-Browian mo- 
tion, i.e. about the polycapramide 
chain-molecules could estimated ca. 
atoms. The method described here 


log 
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Brownian motion contains less assumption 
than the method from the melt viscosity 
measurement. The number mol. the 
unit macro-Brownian motion the whole 
reaction phase, being assumed the 
derived equation, was calculated. Conse- 
quently the equilibrium constants, concerned 
with the transforming reactions between 
structural unit (opened state) and lactam 


28, No. 


monomer (closed state), could found 
the various temperatures, and the heat 
the above reactions can estimated 

The author wishes thank Dr. Hoshino 
and Dr. Kobayashi who instructed studies 
and permitted the publication. 
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Introduction 


Many have measured the rate 
the reaction ammonia synthesis. 
and R.M. measured the 
ammonia concentration exit gases over 
wide range space velocities, pressures, and 
temperatures using mixtures different ra- 
tios hydrogen nitrogen 3,1, and 1/3. 
However, they confined the measurements 
recently made extensive measurements with 
four kinds catalysts under varying condi- 
tions pressure, flow rate, and temperature, 
but used only mixture the ratio 
throughout the experiments. for the am- 
monia concentration relating hydrogen- 
nitrogen ratio, carried out the 
measurements with triply promoted cata- 
lyst, but only pressure 330atm., 
space velocity and temperature 
450°C. 

one, far are aware, has ever 
published results sufficient estimate the 
rate the ammonia synthesis varying the 
ratio hydrogen nitrogen well the 
kind catalyst. The authors have conduct- 
the measurements with both singly 
and triply promoted catalyst over ex- 
tended range these conditions. 


1) A. T. Larson and R. S. Tour, Chem. Met. Eng., 
26, 683 (1922). 

2) M. 1. Temkin and V. Pyzhev, Acta Physicochim,, 
(U.S.S.R.) 12, 327 (1940). 

3) P. H. Emmett and J. T. Kummer, Ind. Eng. Chem., 
35, 677 (1943). 

4) H. Kobayashi and H. Kubota, Bull. Faculty Eng. 
Hokkaido Univ., 5, 118 (1951). 

5) R. M. Adams and E. W. Comings, Chem. Eng. 
Progr., 49, 359 (1953). 

6) A. Nielsen, “‘ Advances in Catalysis and Related 
Subjects,” Academic Press Inc,, 5, 1 (1953). 


Our results have been test the practical 
utility the rate equations proposed 
M.I. and Shindo”, each based 
different concepts the rate deter- 
mining step. have also attempted 
modify the Temkin’s equation represent 
the experimental results more adequately, 
though not completely. 


Experimental 


mixture hydrogen and nitrogen was 
tained ratio introducing ammonia gas 
over ammonia catalyst 500°C and order 
obtain the mixtures different composition either 
hydrogen nitrogen was added from cylinder. 
After having been compressed, the mixtures were 
purified passing over palladium-asbestos 
200°C followed cooling and subsequent drying 
through solid caustic potash. Fig. diagram 
the reactor. The catalyst chamber made 
copper tube, mm. outer dia. and 15mm. 
inner dia., inserted with iron thermo-couple 
7mm. dia. The gas feed was directed down- 
ward electric heating nichrome coil wound 
the copper tube, then upwards first into the 
preheating zone where copper granules 2mm. 
dia. were packed and finally through the catalyst 
bed. 

Measurements the rate the ammonia 
synthesis were carried out with both singly 
and triply promoted catalyst, i.e. contain- 
(Cat. No. 2). The catalysts were prepared 
according procedure previously reported 
Shima and one the The latter 
catalyst current industrial use this coun- 
try. The catalysts were screened obtain par- 


7) M. Shindo, Bull. Faculty Eng., Hokkaido Univ., 
3, 136 (1949), Mem. Muroran Univ. Eng., 1, 75 (1950). 

8) G. Shima and H. Uchida, Rept. Chem. Ind. Res. 
Inst,, Tokyo, 45, 369 (1950). 


- 
= 
g 
wither 
4 
4 
Ps 
q 


ical 


sed 
ter- 


ent 


March, 1955] 


Fig. Reactor. 
Gas inlet Mica 


Gas outlet Catalyst 


Furnace lead 10. Preheating zone 
Asbestos 11. Catalyst chamber, 
Steel shell, 

100 12. Thermocouple well 
Silica tube 
Nichrome heater 


ticles which passed 1.5mm. mesh sieve, but 
were retained the 1mm. mesh. About 3cc. 
these specimens, weighing 7.25g., was placed 
the catalyst chamber just fill 20.5mm. the 
height the catalyst bed. 

The catalysts were reduced current the 
gas mixture the ratio under 50-100 kg./cm? 
space velocities and the reduction 
was continued until more increase ammonia 
concentration 425°C under was 
observed after further six hours reduction. 

Temperature was measured both the higher 
place near the inlet the catalyst bed and the 
lower place near the outlet. During the synthesis, 
the temperature difference through the catalyst bed 
remained usually less than 1°C, however was 
not successful retaining difference less than 
7°C, when the reaction temperature was higher 
than 500°C and the space velocity higher than 10°. 
The gaseous products were reduced atomos- 
pheric pressure and their volumes were measured 
after ammonia was absorbed sulfuric acid which 
was determined usual. 

The measurements were made with both the 
two catalysts different temperatures 
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from 350°C 525°C and space velocities from 
5x105 (1) using mixture whose 
ratio hydrogen nitrogen was under the 
pressure 50, 100 and and (2) using 
other mixtures the ratio and 1/3 


Results 


Some the experimental results* are shown 
Figs. 2-9 presenting the ammonia concent- 


No.1 


NH; exit gas 


Fig. Relation between reciprocal space 
velocity and ammonia 
Experimentally determined 
Estimated from Eq. (5) 
Estimated from Temkin’s Eq. 
Estimated from Eq. 


ration the conversion efficiency func- 
tions the space velocity, the reaction 
pressure, and the initia) gas composition. 
When the results concern the use mix- 
ture constant ratio hydrogen-nitrogen 
ratio the ammonia concentration in- 
creases, well known, with the increasing 
pressures, but differently according the 
kind greater increase 
conversion percentage and smaller de- 
crease efficiency with the increasing pres- 
sure are observed with Cat. No. than with 
Cat. No. (Fig. 3). the extent that the 
space velocity sufficiently high and the 
same time the temperature low, the ammonia 


9) H. Uchida and K. Ogawa, Rept. Chem. Ind. Res. 
Inst,, Tokyo, 46, 114 (1951). 

* A paper providing the results described in full will 
be published in Rept. Chem. Ind. Inst, Tokyo. 
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O 


i] 100 150 50 100 159 
Pressure kg./cm? 


and conversion efficiency with catalyst 
No. and No. 450°C; left, 
No. right, No. 

%NH; determined experimen- 
tally 

estimated from Eq. (5) 

estimated from Temkin’s 

Eg. 

Conversion efficiency 


NH; exit gas 


Pressure kg./cm? 


Fig. Effect pressure ammonia 
low temperature and high space velo- 
city. 
above, left; above, right; 
No. 400°C. below, left; No. 350°C. 
below, right; No. 350°C. 


concentration remains, however, almost con- 
stant, irrespective the different pressure. 
Ranges the space velocity and the tem- 


[Vol. 28, No. 


perature which this constancy holds are 
different between the two catalysts.** 

Nielsen has shown evidence 
maximum the ammonia concentration to- 
gether with minimum the conversion 
efficiency with respect the initial nitrogen 
percentage, limited pressure, space velo- 
city, and temperature. wider range 
space velocity and temperature, shown 
Figs. 5-8, the ammonia concentration and the 
conversion efficiency are expressed func- 
tions the initial nitrogen percentage 
pressure 100kg./cm? with each the two 
catalysts. The maximum ammonia percen- 
tage tends shift with increasing space 
velocities towards higher nitrogen percentages 
from 25%, the neighbourhood which 
the maximum observed high temperature 
and low space velocities, say, the condi- 
tions closely approaching equilibrium. The 
maximum also tends shift alike with lower 
temperatures, even low space velocities. 


** The space velocity below which the concentration 
begins to increase with the pressure is 5X10° at 400°C; 
1X 105 at 350°C with Cat. No. 1, while at 350°C 
with Cat. No. 2. 


(Fig. 5a) 
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Conversion efficiency 
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Fig. Dependence ammonia and 
conversion efficiency upon initial gas 
composition, 100 kg./cm?, 450°C, Catalyst 
No. 

determined 
----- Estimated from Eq. (5) 
Estimated from Temkin’s Eq. 


Conversion efficiency 


initial gas mixture 


Fig. Dependence ammonia and 
conversion efficiency upon initial gas 
composition, 100 kg./cm?, 450°C, Catalyst 
No. 

Experimentally determined. 
----- Estimated from Eq. (5). 
Estimated from Temkin’s Eq. 


Reaction Rates the Synthesis Ammonia. 109 


initial gas mixture 


Fig. Depenence ammonia and 
conversion efficiency upon initial gas 
composition, 100 kg./cm?, catalyst No. 
above, 500°C. below, 350°C. 

—O— NH; 
Conversion efficiency, 


The shifting observed more rapid with 
high space velocity such 350°C and 
shifts further through 75% with Cat. No. 
and 54% with Cat. No.2. lower space velo- 
cities, the minimum the conversion effi- 
ciency appears 20-25% nitrogen percentage 
independent the temperature. With in- 
creasing space velocity, tends shift 
towards lower nitrogen percentage, and 
more rapidly higher temperature. When 
comparison made between the two cata- 
lysts constant temperature, the minimum 
lies lower percentage nitrogen with 
Cat. No. 

pointed out that the am- 
monia concentration was the relation 
straight line with space velocity nor- 
mal pressure, when space velocity very 
high. shown Figs. and this rela- 
tion found also valid the high pressure 
the range extremely small values 
1/S.V. According the present observations, 


* The maximum is obtained at 25—26% nitrogen per- 
centage at 500°C, 5108 S.V. with both of the catalysts, 
and shifts to 48% with Cat. No. 1 and 33% with Cat. 
No. 2 at 350°C, 5X10®S.V., to 40% and 32% at 500°C, 
5105 S.V., respectively. 

10) S. L. Kiperman and V. S. Granovskaya, Chem. 
Abstr., 45, 9346 (1952), 47, 6749 (1953). 
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(Fig. 8a) 


S.V._5*108 


NH; exit gas 
Conversion efficiency 


Conversion 


initial gas mixture 
Fig. Dependence ammonia and 
conversion efficiency upon initial gas 
composition, catalyst No. 
above, 500°C. below, 350°C. 
—O— NH; 
--x-- Conversion efficiency. 


extends towards lower space velocities with 
lower temperatures, with increasing pressure, 
and with higher hydrogen percentage. The 
results may expressed terms the 
conversion efficiency follows: the lower 
the efficiency becomes, the wider the range 
which the linear relation holds. 

The proportionality factor between and 
1/S.V. increases with the increasing nitrogen 
pressure the mixtures different hydro- 
gen-nitrogen ratios constant total pres- 
sure, though remains constant independent 
the different total pressure when mixture 


Discussion 


number the rate equations for the am- 
monia synthesis have been 


11) H. de Bruijn. Disc. Faraday Soc., 8, 69 (1950). 
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NH; exit gas 


0 
105 
Fig. Relation between ammonia and 


reciprocal space velocity 
stage the reaction. 
above left, No. 400°C; 


above right, No. 400°C 
below left, No. 100kg./cm? 350°C; 
below right, No. 350°C 


Among them, the equations Em- 
were accordance with M.I. 
the basic assumption that the adsorption rate 
nitrogen determines the rate the syn- 
thesis. Likewise agrees with 
assuming the rate forma- 
catalyst surface the rate determining step. 
The equations M.I. Temkin and 
Shindo are here taken the representatives 
and their conformity with the experimental 
results will checked. 

For flow reactor constant temperature 
and pressure, the reaction rate general 
given Equation (1) 


U=dN/A-dl. (1) 
rearranging 
(2) 


where reaction rate, moles NH;/hr. 
catalyst, flow rate ammonia, moles 
cross sectional area catalyst 
compressibility factor gas mixture 
and space velocity based 
influent gas, 1/hr. 

According Temkin and Shindo, 
the rate the ammonia synthesis given 
terms activity (3) and (4) re- 
spectively. 
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where and are respective rate constants 
for forward and reverse reaction, and 
activity component. Combining (2) 
from Eq. (4) are expressed respectively 


Reaction Rates the Synthesis Ammonia. 111 


ent the value space velocity. The ex- 
perimental data are agreement with what 
was expected from Temkin’s equation, the 
percentage shifting towards the higher with 
increasing space velocity, but are not exactly 
because the further shifting through 
the critical value 40%. 

Taking into account the varying dependence 


kr= 


where total pressure atm., Kp, equili- 
brium constant, fugacity coefficient the 
ith component, mole fraction nitrogen 
the initial gas. Using either the equa- 
tions, and are evaluated means 
numerical integration. The obtained values 
kr’s and ks’s are not always equal over the 
measured range space velocity. For the 
sake convenient comparison the cal- 
culated value with the experimental, one 
value chosen among many values 
that evaluated use the may best 
approximate the experimental data over 
the measured range space velocity. The 
values thus ebtained from Temkin’s are 
illustrated Fig. together with those from 
Shindo’s, dotted and dashed, and 
dotted and dashed line respectively, 100kg./ 
cm?, 425°C. Temkin’s equation gives good 
approximation low the experimental 
data while Shindo’s rather better 
one higher 

The pressure being varied, the rate the 
forward reaction proportional 1.5 power 
the total pressure while 
proportional one power Shindo’s. 
this respect, the former equation agrees bet- 
ter with Cat. No. while the latter agrees 


‘better with Cat. No. 


With respect equation, Ko- 
has come the conclusion that 
the nitrogen percentage which maximum 
ammonia concentration obtained shifts 
towards the higher percentage with increas- 
ing space velocity; from the value 25% 
(where S.V.=0) asymptotically critical 
value 40%. Shindo’s equation leads us, 
however, the conclusion that the nitrogen 
remains always 25% independ- 

* M. I. Temkin (Chem. Abstr., 45, 3699 (1951)) im- 

proved recently his equation to make it more applicable 

on varying pressures by introducing another factor. The 
correction has a less important effect as compared with 
-that due to fugacity. 


12) S. Kodama and K. Fukui et al., J. Chem. Soc., 
Japan (Ind. Sect.) 54, 157 (1951). 


the conversion upon the pressure with 
respect the kind catalyst, the authors 
propose modification Temkin’s equation 
follows: 


U=k | 


QNH3 

the catalyst use.* The modification sug- 
gests different degrees covering am- 
monia, depending the kind catalyst. 
derived from Shindo’s fundamental 
concept resistivity caused covering 
ammonia the catalyst surface well 
degree the covering dependent the 
kind the catalysts assumed. Shindo’s 
equation has been improved Kobayashi 
means the above concept and has at- 
tained better agreement with the latter’s 
experiments with respect change pres- 
sure. 

The values conversion efficiency 
calculated the use Equation (5) are shown 
Figs. and being compared with 
the well the calculated 
Equations (3) and (4) respectively. Fig. 
the deviation from the experimental data (full 
line) becomes less Equation (5) (dashed line) 
than the case both Equation (3) (dotted 
and dashed line) and Equation (4) (double 
dotted and dashed line), though remains 
yet the region extremely low well 
extremely high space velocity. With re- 
spect dependent upon the pressure, the 
values evaluated Equation (5) agree well 
with the observed both catalysts, except 
for those observed higher space velocities 


* The values of kNH, were calculated by means of 
trial and error to agree most to the observed data at 
different temperatures and found to be 0.76 and 0.11 
with Cat. No. 1 and No. 2 respectively. 
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and the same time lower temperatures, 
which remains constant independent 
the pressure. for the representation 
ratios the gas mixtures, Equation (5) 
more satisfactory than Equation (3). 
deviates somewhat from the experimental 
data with Cat. No. though approximates 
closer those with Cat. No.1 (Figs. and 6). 

Temkin’s equation together with Equation 
(5) thus often disagreement with the ex- 
perimental results, pronouncedly higher 
space velosities. From the basic concept 
Temkin, Kiperman proposed the 
equation: 


(6) 
and interpreted his experimental results 
normal pressure earlier stage the 
reaction i.e. low situated far from the 
equilibrium. 

Combining Equations (2) and (6), can 
readily shown that should nearly pro- 
portional 1/S.V.,* and the proportionality 
factor between them should also propor- 
tional the nitrogen pressure. This predic- 
tion confirmed shown Fig. left (at 
below (at space velocities higher than 
both which the mixtures varying 
hydrogen-nitrogen ratio are used con- 
stant pressure. However, the fact that the 
factor remains constant irrespective the 
varying total pressures when mixture the 
constant ratio used, seems unable 
interpreted any way. 

Equation (6) calls for the shift the nitro- 
gen percentage, which the maximum 
obtained, towards the higher percentages 
through the critical value 40% nitrogen 
extremely high space velocities, i.e. low 
values 


Summary 


This series experiments presents the well 
* A. Nielsen has found that 2?x(S.V ) approaches a 
limiting value when S.V. is increased higher than 1X 105, 
as a consequence of Temkin’s equation. According to 
our observations, zX(S.V.), instead of 22x (S.V.), ap- 
proaches that value. 
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known fact about the different concentration 
increases well the different decreases 
the conversion efficiency with the increas- 
ing pressure depending upon the kinds 
catalysts greater detail. extremely high 
space velocities, the ammonia concentration 
remains constant independent the change 
the total pressure when the mixture 
however, increases with increasing nitrogen 
pressure when the mixtures different initial 
compositions are used constant pressure. 

predicted Temkin’s equation, the 
nitrogen percentage hydrogen percentage, 
which maximum ammonia concentration 
minimum conversion efficiency ob- 
served, shifts towards the higher percentage 
with the increasing space velocity however, 
the nitrogen percentage corresponding the 
maximum shifts further through the critical 
value predicted Temkin. The shifting 
more less rapid depending the kind 
catalyst. the extent that the space velo- 
city very high and the total pressure 
remains constant the equation Kiper- 
man can represent the shifting better 
agreement together with the observed pro- 
portionality between the ammonia concentra- 
tion and the reciprocal space velocity. 

The rate equations Temkin and 
Shindo, which are based different con- 
cepts, have been compared with the present 
results, and neither Temkin’s nor 
Shindo’s (unimproved) satisfactory agree- 
ment with the results. equation based 
the concept Temkin and provided 
with another factor characteristic the kind 
catalyst has been proposed. The equation 
better agreement with the experimental 
results concerning the ammonia concentration 
expressed functions the space velocity 
and the pressure. The maximum the am- 
monia concentration the minimum the 
conversion efficiency related the ratio 
somewhat better agreement with the singly 
promoted catalyst, while yet unsatisfactorily 
with the triply promoted. 


Government Chemical Industrial 
Research Institute, Tokyo 
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Polarographic Studies Heterocyclic Compounds. II. Saponification 
Acid Methyl Ester 


Yoshinosuke NAGATA and Isamu TACHI 


(Received June 30, 1954) 


Introduction 


vestigations isonicotinic acid have been 
carried out and has been clarified that the 
limiting current has character the kinetic 
current which due the recombination 
the dissociated anion isonicotinic acid 
with proton. However, behaviour similar 
this acid should observed also isoni- 
cotinic acid ester, the kinetic current 
might have attributed some other 
cause. this paper, the discussion the 
previous paper was confirmed 
the fact that the methyl ester shows 
behaviour different from the acid. the 
other hand, the fact that the methyl ester 
saponified the alkaline medium was 
found. Since the limiting current the 
methyl ester controlled diffusion pro- 
cess, the velocity constant the saponifi- 


cation was determined polarographically from 


the decrease the limiting current the 
methyl ester. Further, the effects the 
temperature and the neutral salt concen- 
tration the velocity constant were esti- 
mated means the polarographic method. 


Experimental Part 


Isonicotinic acid methyl ester provided 
Tanabe Pharmaceutical Co. Ltd. redistilled 
120°C under reduced pressure (in 25mm Hg), 
since comparatively unstable atmosphere 
and under light. 

The buffer solutions used are follows: 

Mcllvain’s buffer solutions Citric acid— 
Sodium phosphate), Kolthoff’s buffer solu- 
tions (0.1 Potassium biphosphate—0.05 Sodium 
Borate) and buffer solutions 
Sodium Sodium hydroxide). 

Capillary constants are mg/sec. and 
3.24 sec. 0.2N solution 
vs. N.C.E., where and are the rate 
flow mercury and drop time, respectively. 
Electrode potentials are referred the normal 
calomel electrode and the temperature the 
solution maintained 25+0.5°C. 


Experimental Results and Discussion 
(1) Effects 


well-defined reduction wave observed 
the acidic and neutral range shown 


1) Y. Nagata and I. Tachi, This Bulletin, 27, 290 
(1954). 


Fig. (Curve 1). Table indicates the 


TABLE 
RELATIONSHIP BETWEEN pH, THE HALF- 
WAVE POTENTIAL AND THE LIMITING 
CURRENT (i). ISONICOTINIC 
ACID METHYL ESTER 0.2N KCl 


2.6 —0.885 8.17 
3.4 8.17 
4.4 —0.995 8.10 
5.4 —1.055 8.17 
6.4 —1.110 8.17 
7.5 —1.185 7.97 
8.2 1.230 7.57 
9.0 —1.275 7.27 
10.1 —1.290 6.60 
10.7 1.290 5.85 


(*); The second wave 

All values are for 
minutes after prepareation the electrolytic 
solutions. 


relationship between the 
solution, the limiting current and the half- 
wave potential. The 
shifts more negative potential with in- 
creasing value, and the limiting current 
has nearly constant value the acidic and 
neutral range, while the alkaline side 
the current gradually decreases 
creasing value and also with time, and 
new second reduction wave appears the 
more negative potential than the first one. 
The second wave drawn out (Fig. 
Curve that the half-wave potential 
hardly determinable. NaOH), 
the first wave disappears completely and only 
the second wave observed (Fig. Curve 
3). Therefore, seen that isonicotinic 
acid methyl ester decomposed the al- 
kaline medium and the second wave corres- 
ponds the reduction decomposition pro- 
duct. Because the second wave not well- 
defined, its qualitative estimation difficult. 
However, seems probable that isonicotinic 
acid methyl ester hydrolysed 
hydroxide well general esters. After 
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the hydrolysis the ester the action 
sodium hydroxide and then neutralization 
with hydrochloric acid, solution ad- 
justed the appointed value. comparing 
the half-wave potential the hydrolysis 
product with that isonicotinic acid, good 
agreement between these two values ob- 
served shown Therefore, the 


TABLE 
THE HALF-WAVE POTENTIAL THE 
HYDROLYSIS PRODUCT ISONICOTINIC 
ACID METHYL ESTER COMPARED WITH 
THAT THE ACID. (1) FIRST WAVE, (2) 
SECOND WAVE 


Hydrolysis Product Acid 
9.0 —1.38 —1.38 
10.1 —1.47 —1.80 —1.80 
10.7 —1.48 —1.81 —1.47 —1.80 
second wave due the reduction 


isonicotinic acid. other words, methyl 
ester saponified alkali hydroxide. 
13, corresponds the reduction the 
dissociated anion the acid. Hence the 
second wave the alkaline range 
drawn out consequence the overlap 
the wave the acid molecule with that 
the dissociated anion. 


(2) Dependence the Limiting Current 
the Height Mercury Reservoir 


When the limiting current the acidic 
and neutral range increases linearly with 
the square root the height 
mercury reservoir), controlled diffu- 
sion process (Table However, 
the case the alkaline range the sapo- 
nification reaction takes place the same 


and Isamu TACHI 
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time, take the reaction 
into account. Now, the approximate cor- 
rection for the the limiting cur- 
rent the first wave caused the saponifi- 
cation made, the limiting current has 
linear realtionship with and the slope 
(of the line that is) plotted vs. agrees 
with that pH44. Hence the limiting cur- 
rent the first wave 10.7 also con- 
trolled diffusion process well 4.4. 
the other hand, the second wave height, 
which can calculated the difference be- 
tween the total wave height and the corrected 
first wave height, since during the measure- 
ments the total wave height, which corresponds 
the sum ester and acid, hardly changed 
saponification, changes linearly with 
that has been concluded that the limit- 
ing current second wave (the mixed wave 
the acid molecule and dissociated anion 
isonicotinic acid) controlled the dif- 
fusion process. However, the polarogram 
after the saponification, the limiting current 
the saponification product wave nearly 
independent the height the mercury 
reservoir (Table IV), that 


TABLE 
INFLUENCE THE HEIGHT EHE 
MERCURY RESERVIOR THE FIRST WAVE 
HEIGHT THE SAPONIFICATION PRODUCT 
ISONICOTINIC ACID METHYL ESTER 


10.1 
0.570 
0.555 
0.555 
0.540 
0.555 
0.540 


TABLE III 
DEPENDENCE THE LIMITING CURRENT INTENSITY THE HEIGHT THE MERCURY 


RESERVOIR. 
4.4 
7.42 8.70 1.17 
7.07 1.19 
6.71 7.95 1.17 
6.32 7.42 
5.91 6.97 1.18 
av. 1.18 
1.11 


ISONICOTINIC ACID METHYL ESTER 0.2N KCl 


10.7 
a ig Vh h 
4.65 1.38 186 
4.53 1.14 0.161 
4.21 1.29 192 
3.99 1.17 0.631 
1.08 646 197 
av. 636 185 
1.15 1.13 


denotes the concentration (millimol/litre) the depolarizer. 


2) D. Ilkovit, Collection Czech. Chem. Communs., 
6, 498 (1934). I. M.-Kolthoff and J. J. Lingane, “‘ Polaro- 
graphy”, Interscience Publishers, Inc. New York, N. 
Y., 1952, 44, 85. Tachi, Polarography’, Iwa- 
nami Book Co. Ltd., Tokyo, 1954, p. 82. 
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character the kinetic Therefore, 
the idea that the kinetic current isoni- 
cotinic acid due the recombination 
the dissociated anion acid with proton 
supported. 

(3) Saponification Isonicotinic Acid 
Methyl Ester 

(a) Measurement the velocity const- 
ant.—Assuming that isonicotinic acid methyl 
ester saponified alkali hydroxide the 
same way general saponification 
ester, may consider that 


COOCH; 


Since the saponification reaction takes place 
the second order, the reaction velocity 
saponification, dx/dt, and the velocity con- 
stant, are given 


dx _ 9 
(2) 
and 


respectively, where and denote the initial 


concentrations isonicotinic acid methyl 
ester and sodium hydroxide, respectively, and 
represents the decrease each component 
after time 

order determine the velocity constant, 
the unreacted amount each substance 
time and must measured. 
The concentration methyl ester can 
determined polarographically, while that 
sodium hydroxide impossible. However, 
since the reaction between ester and sodium 
hydroxide proceeds one one, value 
can calculated from and values. 
The concentration the ester determined 
means the calibration curve which 
drawn beforehand 0.2N solution. 
Futhermore, since the values (a—x) and 
are given the molar concentration, 
unnecessary take the kinetic current 
into account. 

the determination the hydrolysis 
velocity constant, have measured the wave 

3) R. Brditka and K. Wiesner, Collection Czech. 

Chem. Communs., 12, 138 (1947). I. Tachi, “‘ Polaro- 

graphy’ Iwanami Book Co. Ltd., Tokyo, 1954, p. 107. 

4) J. Heyrovsky and 1. Smoler, Collection Czech. 

Chem. Communs., 4, 521 (1932). 

5) R. Brditka, J. Gen. Physiol., 19, 899 (1936). 

6) R. Pasternak and H. v Halban, Helv. Chim. Acta, 

29, 190 (1946). 


7) H. H. G. Jellinek and A Gordon, J. Phys. and 
Colloid Chem., 53, 986 (1949). 
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height certain time interval, order 
follow the change the concentration the 
reactant with time. our case, since the 
reaction velocity considerably great, the 
method which has been examined 
adopted: i.e., the potentio- 
meter drum used timer, and the ap- 
plied voltage kept the aid another 
potentiometer constant value, where the 
limiting diffusion current the ester is. 
oberved. 

The electrolytic solution ester 
0.2N and NaOH) prepared 
rapidly and after hydrogen gas bubbled 
through the solution for one minute for the 
sake removal dissolved oxygen thé 
solution, then polarographed immediately. 
Fig. shows the current-time diagram ob- 
tained this way. The slit lamp line indi- 
cates the time interval (the potentiometer 
drum rotated the rate 28-+0.5 sec. per 
round), hence the wave height arbitrary 
time can measured from the base line 
which obtained the current-voltage 
curve the ester. 

Table gives the velocity constant cal- 


TABLE 
VELOCITY CONSTANT CALCULATED THE 
DATA FIG. 


6.77 15. 

100 5.02 14.12 2.001 
150 4.47 892 
200 13.04 893 
300 3.10 894 
350 2.76 11. 900 
400 11.58 1.891 


av. 


culated inserting the experimental values, 
which are obtained from Fig. into Eq. (3). 
the same way, the velocity constants 
the case the various concentrations 
sodium hydroxide are determined (Table 
VI). When the concentration sodium 


TABLE 
DEPENDENCE OF THE VELOCITY CONSTANT 
ON THE CONCENTRATION OF SODIUM 
HYDROXIDE 


1.924+0.037 
2.023+0. 066 
2.013+0. 060 


8) R. Pasternak, Helv. Chim. Acta, 30, 1984 (1947). 
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hydroxide higher than the reaction 
rate great that can not follow the 
decrease the ester polarographically. 
concluded from the data Tables and 
that the saponification the ester pro- 
ceeds the second order, and the average 
velocity constant equal 1.924 

(b) Effect the Concentration the 
Neutral Salt the Velocity Constant.—In 
general, the reaction rate the solution 
influenced the presence neutral salt. 
The neutral salt effect caused the fact 
that, addition neutral salt, the case 
ionic reaction the ionic strength varied 
(primary salt effect), when one reaction 
substances weak electrolyte the dissoci- 
ation equilibrium effected (secondary salt 
effect). shown Table VII, though the 


TABLE VII 


EFFECT THE NATURE AND CONCENTRA- 
TION THE NEUTRAL SALT ADDED 


0.2N 
0.5N NaCl 

+0.5N KCl 1.819+0.070 


velocity constant can not determined 
polarographically under the condition without 
neutral salt, seems probable that the 
velocity constant not affected the 
nature and concentration neutral salt. 
may due the fact that the saponifi- 
cation reaction takes place between molecule 
and ion. 

(c) Effect the Temperature the 
Velocity clear the data 
Table VIII that the velocity constant in- 
creases considerably with rising temperature. 
The influence the temperature the 
velocity constant expressed Arrhenius 
equation. 

(4) 
where and are the energy 
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TABLE VIII 
INFLUENCE THE TEMPERATURE THE 
VELOCITY CONSTANT ESTER 


120 
11. 230 1.303 


activation, gas constant, absolute temperature 
and frequency factor, respectively. 
From (4), follows that 


This indicates that the plot log against 
1/T should straight line, whose tangent 
gives the energy activation. From the 
tangent the straight line Fig. which 
plotted means the data Table VIII, 
found that the energy activation 
equal kcal. 


log 


Summary 


(1) acid methyl ester gives 
single reduction wave and the half-wave 
potential shifts more negative potential 
with increasing pH. 

(2) Isonicotinic acid ester saponi- 
fied the alkaline medium and the velocity 
constant saponification determined 
polarographically the basis the second 
order reaction equation. 

(3) The velocity constant scarcely in- 
fluenced the addition neutral salts, but 
increases with rising temperature. The 
activation energy saponification 
culated according the Arrhenius equation. 


The authors wish express their thanks 
Tanabe Pharmaceutical Co. Ltd., which 
furnished the specimen, and also the 
polarographic group, which they belong, 
for their. helpful discussion. 


Department Agricultural Chemistry, 
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University, Kyoto 
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Irreversible Photobleaching the Soiution Fluorescent Dyes. 
Kinetic Studies the Primary Process 


Masashi IMAMURA and Masao 


(Received July 19, 1954) 


Introduction 


Although our information about the photo- 
chemical behaviour excited dye molecules 
has been much increased through many in- 
vestigations the photosensitized reactions 
induced fluorescent dyes, there are rather 
few cases which the primary processes 
the reactions are definitely established. 

addition, few investigations have been 
made for the settlement the problem 
whether the excited state dye participat- 
ing the reaction singlet 
though the problem has become quite impor- 
tant since the confirmation the triplet 
state phosphorescent state Lewis 

Now, the following three types primary 
process have been presented for the photo- 
sensitized oxidation 

Energy transference from excited 

dye molecule the molecular oxygen. 

Direct combination oxygen with 

excited dye molecule. 

Univalent oxidation reduction pro- 

cess. 
The latter two seem present most 
favorable for many cases. 


For example, the second scheme has re- 
cently been applied photo- 
sensitized oxidation various organic sub- 
stances, while the third scheme has long been 
claimed Weiss, Franck, Livingston and 
for many reactions. 

seems quite essential decide, 
the one hand, whether the excited dye 
molecule (or ion) produced the solution 
primarily interacts with the molecular oxygen 
alternatively with solvent molecules, and, 
the other hand, make clear whether 
the excited state dye question singlet 
triplet. The objective the present series 
investigations elucidate these ques- 
tions through kinetic studies the irrever- 


1) G. N. Lewis and M. Kasha, J. Am.Chem.Soc., 
66, 2100 (1944), etc. 

2) For example, see Th. Forster, Z. Elektrochem.,, 
56, 716 (1952). 

3) G. O. Schenck, Naturwiss,, 40, 205, 229 (1953). 

4) For example, J. Weiss, J. Soc. Dyers and Colour- 
ists, 65, 719 (1949). 


sible photobleaching dyes oxygen. 
Now, there exist rather few investigations 
published this field, among which the 
work Blum and seems 
most prominent. They studied the photo- 


bleaching the aqueous eosine solution. 


under the atmospheric oxygen and proposed 
such scheme abbreviated the fol- 
Jowing way: 

HO, 

Oxidation reaction induced for- 

mation etc. 

The experimental facts which led them 
the above conclusion were mainly the re- 
cognition the induction period 
detection hydrogen peroxide. 

must, however, noted that they used 
relatively concentrated solution dye 


-which the interaction excited dye mole- 


cules and those the ground state 
great® that liable make the features 
the reaction rather complicated. The em- 
ployment more dilute solutions seems 
demanded and from such view point 
the present authors have investigated the 
photobleaching erythrosine and 
uranine the aqueous solutions the 
mixed solutions water and ethyl alcohol, 
the concentration dyes being chosen 
mol./1. most cases. 

Though the definite answers the above 
questions have not yet been attained, some 
remarkable results have been obtained and 
from them certain deductions have been de- 
rived, which believe valuable for the 
further attack the problem. The present 
paper reports the essential points the ex- 
perimental results and some discussions about 
them; the details the experimental pro- 
cedure and full data obtained will 
shed the Polytech. Osaka City 
University. 


Experimental 


Procedure.—The following method was 
employed measure the quantity bleaching 


5) H. F. Blum and C. R. Spealman, J. Phys. Chem., 
37, 1123 (1933). 

6) N. Mataga and M. Koizumi, This Bulletin, 28, 51 
(1955). 
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successively for one sample. The solution was 
put into (diameter thickness mm.) 
the reaction cell, Fig. and was irradiated 
the thermostat for certain 

time with the light constant 

intensity. The cell was taken 
out the bath occasionally, and 

after the sample was poured into 

part (inner diameter 15mm., 

length the quantity 

bleaching was measured colori- 

metrically use RCA 931A 

photomultiplier. 

light source tungsten 
projection lamp was 
employed and the range wave 
length was adequately chosen 
means Matsuda color Fig. 
filters. wascontrol- cell 
led with blackened metallic nets. 

Features the photoblea- 
ching under atmospheric pressure.—The de- 
grees photobleaching the aqueous solu- 
tions eosine, erythrosine and uranine, the 
concentrations which were all mol./1., 
were measured first under the atmospheric 
pressure. The concentration-time relations, 
Fig. which show only the results for eosine, 
are all simple and monotonous without any 
slight indication the induction phenomenon 
which was observed Blum and Spealman. 
The percentage depicted along each line con- 
cerns the relative intensity the light 
source. The results for erythrosine and ura- 
nine are similar those eosine. 


Concentration dye 


Time irradiation min. 


Fig. Photobleaching eosine aque- 
ous solution under various relative light 
intensities from 100 36% 30°C. 


regards the formation hydrogen per- 
oxide reported Blum and Spealman, could 
not detected the iodometry the ni- 
trogen atmosphere, and also 
the polarographic method. The possibility 
the intermediate formation hydrogen 
peroxide very small quantity below the 
sensitivities the above methods was scru- 
tinized the test the addition sodium 
pyruvate sodium thiosulfate which ought 
decrease the rate, this the case. 
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The result was that the addition the rea- 
gents each several did not 
affect the rate all. Thus one can deny 
even the slight formation hydrogen per- 
oxide the present conditions. 

The difference the present result 
compared with that Blum and Spealman 
may plausibly due different concen- 
tration dye. fact could detect hy- 
drogen peroxide iodmetry when the con- 
centration mol./1. dye was em- 
ployed. 

for the reaction products, have not 
yet undertaken the analysis, and only the 
absorption spectra after irradiation were ex- 
amined. Similar changes were observed for 
erythrosine, eosine and uranine; thus the 
main adsorption the visible region and the 
neighboring one declined monotonously with 
the irradiation while slight increase ex- 
tinction was observed the region 360- 
440 my. 

Rate view the relati- 
vely simple form the bleaching curves, 
the following simplest rate formula was test- 
first. 

the rate reaction only depends 
and proportional the quantity absor- 
bed light, then 


where the concentration dye, the 
average molar absorption coefficient, the 
thickness the solution, the intensity 
light, and the overall rate constant. In- 
tegrating eq. (1) one gets 
where the initial concentration dye. 
The intensity light was measured 
thermopile previously calibrated with the 
standard lamp and was expressed num- 
ber photons per unit time. For example, 
applied the Jamp. was also determined 
with the same thermopile. The values 
were and for eosine, 
erythrosine and uranine, respectively. When 
the rate bleaching expressed num- 
ber dye molecules decomposed per sec., 
then the rate constant obtained from eq. 
(2) nothing but quantum yield the 
reaction. 

Now was proved that the eq. (2) can ex- 
press the experimental results quite well 
from the beginning 70-80% bleaching, 
when the dye concentration lies the region 
noted, however that the case 
mol./1. the deviation somewhat large, sug- 


(1) 
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— 


3 
4 
2 
7 
ACS 
4 


March, 1955] 


gesting the non-applicability eq. (2) 
more concentrated regions. The value 
was not affected the intensity light, 
which was varied from 100% (full light) 


down 25%. Some the results 
ulated Table 
TABLE 
RATE CONSTANTS* (QUANTUM YIELDS) 
30°C 
Relative 
(%) 
Eosine 
100 3.1 2.9 
2.9 2.9 3.2 
2.9 3.1 3.9 
2.4 2.6 3.0 
2.8 2.8 2.9 
2.6 2.6 2.8 
Erythrosine 
4.9 4.9 
4.7 5.0 5.0 
5.6 
5.2 5.3 
4.1 4.4 4.9 
4.5 5.4 
4.7 5.2 
4.4 4.8 +0.3 
Uranine 
100 1.4 1.3 1.2 
1.4 1.4 
1.2 1.4 
1.4 1.3 
0.9 1.0 
1.3 +0.2 


*k,, and are calculated from time re- 
quired for 25, and 75% bleaching, respec- 
tively 
The effect the quantity the dis- 

solved oxygen.—Eq. (2) can express the ex- 
perimental results equally well, when the dye 
ated and certain amount oxygen ad- 
ded the sample. The values are 
plotted against the concentrations the 
dissolved oxygen Fig. Here the con- 
centration the dissolved oxygen was pro- 
calculated from the quantity 
added oxygen the basis the solubility 
data for pure water. 

evident from this figure that the 
cases eosine and erythrosine, the rate rap- 
idly declines when the concentration dis- 
solved oxygen decreased 
mol./1., while above this critical 
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throsine 


Eosine 
a Uranine | —o 
\ 
\ 
0 50 100 30 


Fig. Influence the concentration 
oxygen the rate constants. 


concentration the rate remains constant and 
the k-value under atmospheric pressure co- 
incides with quite satisfactorily, showing 
effect the coexistent nitrogen the rate. 
the case uranine, increases gradually 
with the increase the oxygen concentra- 
tion. For eosine, the effect the concen- 
tration dissolved oxygen was particularly 
examined three different temperatures. 
shown Fig.4, the critical concentration 
the dissolved oxygen which reaches its 
maximum value, slightly increases when the 


temperature raised. 


x 
fo} 
isi 
(air sat.) 
Concentration dissolved oxygen 


Fig. Influence temperature the 
oxygen effect. 


The effect temperature the rate.— 
The rate photobleaching the aqueous 
solution uranine, eosine and erythrosine 
under atmospheric pressure was measured 
several temperatures between and 40°C. 
The k-values obtained are tabulated Table 
II. 


TABLE 
AVERAGE RATE CONSTANTS VARIOUS 
TEMPERATURES 


Eosine 3.6 2.9 2.5 
Erythrosine 5.6 5.2 3.7 2.9 
Uranine 1.8 1.1 1.0 


These results can approximately expres- 
sed the following Arrhenius equations: 


ea- 
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eosine k=5.3 exp(—6000/RT) composition the solvent quite satisfac- 
erythrosine: k=2 exp(—5000/RT) the low concentration region 
uranine: k=0.3 exp(—4000/RT) (5) (see the section discussion). 


may necessary remember here that 
for eosine and erythrosine, the k-value under 
atmospheric pressure constant, irrespctive 
the quantity dissolved oxygen, hence 
eqs. (3) and (4) express the direct influence 
the temperature the reaction rate it- 
self, while for uranine, the &-value the 
region atmospheric oxygen still affected 
the quantity oxygen and the effect 
temperature the solubility oxygen 
participates eq. (5). 

water-ethyl alcohol mixtures.—With the hope 
seeing how the water molecule takes part 
the reaction, the effect addition ethyl 
the aqueous eosine solution was 
examined. first, the pure alcoholic solu- 
tion eosine mol./1. was irradiated 
under atmospheric pressure and was found 
that not even slight photobleaching occurred 
even after two three hours irradiation 
the light the strongest intensity em- 
ployed. the contrary, when the dissolved 
oxygen was eliminated, quite rapid photo- 
bleaching did take place. this unex- 
pected and astonishing result, investigation 
now going on. When small quantity 
alcohol was added the aqueous eosine soiu- 
tion dissolving atmospheric oxygen, the rate 
photobleaching decreased quite remarka- 
bly. The rate formula (2) still holds this 
which the rate quite small. 

The values are plotted against the 
concentration alcohol Fig. The ex- 
periments were done 20, 27, and 40°C., 
but this figure only two curves and 
40°C. are given. 


Rate constant (k) 


Fig. Effect EtOH concentration 
the rate constant. 


Now, was found that the following for- 
mula can express the relation between and 


were the rate constant the pure 
aqueous solution, certain constant ex- 
perimentally determined, and [EtOH] and 
are the molar concentrations alcohol 
and water, respectively. 

evident from eq. (6), 1/k 
ted against ought linear. 
fact, the relations between and 
various temperatures are just 
shown Fig. This figure shows that 
least 15-20 vol. the formula (6) 
holds, but near vol. alcohoi, marked 
breaks appear all temperatures, which lie 
the lower value the 
temperature higher. 


(6) 


Reciprocal rate constant 


Fig. Relation between 1/k and 
several temperatures. 


these discontinuous breaks, one may 
plausibly attribute them the specific nature 
the alcohol-water system. Because, 
well known that the partial molar volume 
alcohol this system, for example, begins 
deviate from the linear relation about 
the same composition”. 

Moreover, measured the absorption spec- 
tra and the relative intensities fluores- 
cence eosine these solutions and found 
that both the displacements the absorp- 
tion maximum and the relative intensity 
poltted against [EtOH] are almost linear 
this region, but from here upward the 
deviation comes notable. 

view these results, quite natu- 
ral that the applicability the eq. (6) li- 
mited 15-20 vol. and one may say 


7) G. N. Lewis and M, Randall, “‘ Thermodynamics”, 
p. 40. 
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that the results shown Fig. confirm the 
relation (6) rather definitely. 

The values and various concen- 
trations alcohol and several tempera- 
tures are tabulated Table III. 


TABLE III 
AND K-VALUES VARIOUS CONDITIONS 
[EtOH] 
3.6 2.9 1.9 
2.9 2:7 0.64 
2.0 1.8 1.5 1.65 
1.45 1.62 1.73 
Applying the Arrhenius equation 1/K 
one gets 
1/K=41 (7) 


Combining (3), (6) and (7), va- 
rious temperatures and various concentra- 
tions alcohol the result can expressed 


The coincidence the calculated values 
with the observed ones quite satisfactory 


Discussion 


From the fact that the stationary state 
reached once just with the commencement 
irradiation and that the rate propor- 
tional the quantity absorbed photons, 
can safely concluded that the reaction 
proceeds the first order respect 
the excited dye, far the rate deter- 
mining processes are concerned. The mech- 
anism presented Blum and Spealman which 
consists the attack hydrogen peroxide 
upon excited dye, the former being produced 
the interaction water with excited dye, 
definitely denied the present case 
the ground the above kinetic results 
well from non-existence hydrogen per- 
oxide. 

Now, since the presence oxygen and 
water indispensable for the occurrence 
the reaction the first attack the excited 
dye molecule must made either oxygen 
water, and the excited state dye 
which participates the reaction, the 
other hand, two alternatives are considered, 
Singlet and triplet states. Hence the follow- 
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ing four schemes are conceivable, one as- 
sumes that the reaction proceeds successive- 
and further one neglects the possibility 
direct transference energy from excited 
dye oxygen, which improbable from the 
above results well from our knowledge 
the photosensitized reactions general. 
Singlet state: 
h’ O2 H20 
Triplet state: 
II. First attack 
Singlet state: 
H20 O2 
Triplet state: 
hv H2O O2 
must noted here, that all the formu- 
las the intermediates involved the above 
schemes are only conventional without any 
specification their real structures and, 


any metastable states dye taking part 
the reaction which comes from singlet excit- 
state directly produced irradiation. 

Let consider succession, which 
the above four possible schenes conforms 
best with the experimental result, particu- 
larly the basis rate formula (section 
and the oxygen effect (section B). 


(A) 


Ia) First Attack Oxygen Singlet State 
Dye 
The rate constant water-alcohol mixture for 
the reaction scheme, Ia, can expressed fol- 
lows: 
koe 


k’ [HsO] 


kia= 


(9) 


where 

ke: specific rate fluorescence, 

koi: specific rate inner quenching fluo- 
rescence, 

rate constants the dissipation ex- 
citation energy the interaction with water 
and alcohol, 

rate the reaction between oxygen and 
expressed constant, since does not 
depend oxygen pressure under ordinary 
condition. 


* Deactivation of D*..-Og by water is omitted for the 
sake of simplicity, since the ultimate result is not essen- 
tially affected. 

* The ultimate formula is not essentially altered even 
if the deactivation of D*..-H,O by oxygen is taken into 
account not only in this case but also in all other cases. 
in Il. 
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rate constant for the spontaneous deacti- 
vation the intermediate 

rate constant for the reaction between 
and water,* 

rate constant for the deactivation 
alcohol. 


Since the intensity fluorescence should de- 
crease just the same degree that which 
rate quenching fluorescence due oxygen. 
fact, however, there quenching action 
oxygen observed and the magnitude 
must 1/1000 less the denominator the 
first factor one provisionally assumes that the 
quantum yield fluorescence about 10% and 
that the sensitivity the intensity measurement 
fluorescence about 1/100. 

Thus the first factor eq. (9) should 
wery small value, which will plausibly put ap- 
proximately constant the small concentration 
region alcohol. 

Putting the first factor and making the 
probable assumption that much smaller 
than one gets the following rate formula, 
which has just the same form Eq. (6). 


k°1a Po2 k’ [H20] 
where the overall rate constant the 
pure aqueous solution. Then the constant 
(6) given follows: 


Using the K-values Table III and assuming 
the upper limit one can estimate 
that must about 100 so. Thus when 
deaetivated alcohol about 100 times 
more frequently than reacts with water, then 
this scheme conforms quite well with the experi- 
mental results. (deduction 

Ib) First Attack Oxygen Triplet State 
Dye 

Introducing the transition probability for 
one can write the overall rate constant 
follows: 


ko2z 
kat +k,[H20]+kL EtOH] +ko2 


where the constants the second factor all refer 
the triplet state. 

the product the first and second factors 
quite small and approximately constant ir- 
respective alcohol concentration, that is, when 
this scheme can give the experimental rate for- 
mula just the same way the case 
and the deduction (a) can applied for this case 
too. 

this point one must note that there an- 
other scheme conceivable which the first at- 
tack dye oxygen; the one which 
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the overall rate determined the rate with 
which oxygen attacks the hydrated dye ion 
excited state. This mechanism, however, can 
rejected quite conclusively the following way. 

Using the similar notations above, one gets 


where [D* and [D* EtOH] are the concen- 
trations the excited dye ions associated with 
water and alcohol. They may put, the low 
concentration region alcohol, and 
hence the following formula corres- 
ponding eq. (6) can derived. 


kia k°sa 


But the calculated values which should 
interpreted the ratio tendency alco- 
holation that hydration, proved very 
unreasonable since they are too large and, more- 
over, increase with the rise temperature (33 
(20°C.), (27°C.), 41(34°C.), (40°C.)). 

Thus may concluded that the dye ion 
first attacked oxygen, then the reaction must 
successive and the intermediate 
must deactivated alcohol very much 
more frequently than reacts with water, the 
ratio the rate constants for both the reactions 
being about 100 (deduction a). 

First Attack Water Singlet State 
Dye 

all the colliding water molecules which quench 
the fluorescence produce the intermediates the 
reaction, then the overall rate constant should 
given follows: 


ke +k,[H20]+k.[EtOH] 


where all the rate constants involved are analo- 
gous those the case Ia. The magnitude 
the first factor should moderate since the 
quenching action water not expected 
little. Hence the second factor must very 
small order interpret the quantum yield ex- 
perimentally obtained. Since the first factor can 
not expected much affected the com- 
position the solvent, the remarkable decrease 
the rate caused the added alcohol must 
attributed mainly the second factor and the 
relation must hold. 
one takes these relations into account, the pre- 
sent scheme can never lead the rate formula 
experimentally obtained. 

But the case when the process producing the 
intermediate the reaction only one the 
various quenching processes caused water mole- 
cule simultaneously occurring, there pos- 
sibility, though quite improbable, that the present 
scheme with the experiment. Thus 
the following conditions are fulfilled, 

the ratio the intermediate-producing pro- 


kisa= 


(13) 
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cess the whole quenching processes due 
water, moderately small, 

the denominator the first factor can 
considered approximately constant irrespective 
the concentration alcohol, 

and 


then eq. (13) can written approximately 
const. 


which has the same form (6). 

The scheme quite improbable view the 
above conditions, but supposedly holds, then 
the most noteworthy condition fulfilled 
that the intermediate produced from the excited 
dye and water, must deactivated alcohol 
much faster rate than those the compet- 
ing processes. (deduction 

IIb) First Attack Water Triplet State 
Dye 

Formally only necessary add factor 
the above case 

case the triplet state loses its energy spon- 
taneously interacts with water alcohol, 
forming the intermediate the 
tion the second case, while deprived its 
energy the last case, then the rate formula 
will 


Now, the product the first and second factors 
moderately small and addition, conditions 
analogous those related deduction hold, 
then the above rate formula approximated 
the experimental one (6) just the case 
the above speciallized case Ila. 
There another possibility, however, that the 
above eq. (14) may lead (6). 
Thus eq. (14) 
the product the first and second factors 
very small, 
the second fator, and 
and are far less than the 
other k’-terms the denominator the third 


factor, 
then 
Hence 
Kip, 


k’o2 k,[H20] 

Thus this case the triplet state dye must 
deactivated alcohol far more frequently 
than interacts with water producing the reaction 
intermediate order interpret large effect 
the added alcohol. (deduction 

case the interaction the triplet state and 
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water only partially produces the intermediate 
for bleaching reaction, the discussion essential- 
analogous that above. Thus deduction 
applicable when most the dye molecules the 
triplet state attacked water lose their energies 
vain producing very little the reaction-inter- 
mediate, while deduction must hold the op- 
posite situation. 

Among these three favorable cases mentioned 
above, the one corresponding deduction 
quite improbable view many unreasonable 
conditions; for example the condition that the 
deactivation water-dye intermediate alcohol 
takes place more frequently than other competi- 
tive processes, seems quite improbable from the 
usual chemical reasoning. The case cor- 
responding deduction most probable, but 


impossible deny conclusively scheme IIb. 


corresponding deduction the basis the 
above kinetic results. the contrary there are 
some facts which seem favorable for the 
latter scheme. Thus view the fact that 
eosine pure alcohol photochemically bleached 
quite easily vacuo, there doubt that the 
interaction excited dye with alcohol can 
such nature cause genuine chemical 
reaction, and this fact appears conform better 
the scheme IIb. 


(B) 


the question whether oxygen attacks 
singlet triplet state dye, one may judge the 


matter some extent the basis the observ- 


oxygen pressure effect the rate. Thus the 
fact that the rate becomes independent the 
oxygen pressure above certain critical point re- 
quires that this region the intermediate mole- 
cular species attacked oxygen, what- 
ever scheme considered section (A), must 
least have enough chances the attack during 
its life. 

The number collisions between oxygen and 
the intermediate question during its life the 
above critical pressure can easily estimated 
one assumes that the molecules oxygen are 
distributed random the solution without any 
specific interaction with dye ion, and, that oxy- 
gen must reach the position dye ion diffu- 
sion. 

Now the case eosine 20°C., the rate 
becomes constant ca. the dis- 
solved oxygen when calculated the assumption 
that the solubility oxygen the dilute dye 
solution the same that pure water. 
follows that the mean distance neighboring oxy- 
gen and dye ion about and the time 
interval required for oxygen molecule move 
this distance roughly estimated about 
sec. the basis the usual formula 
for diffusion process and use the diffusion 
constant oxygen the aqueous solution, which 
thus obtained quite great compared with the 
lifetime singlet state eosine, which about 
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so. course the above esti- 
mation approximate nature but will 
correct least the order magnitude, hence 
ene can safely conclude that the state dye at- 
tacked oxygen not the singlet excited state 
directly produced light absorption, long 
the assumption random distribution oxygen 
the solution correct. other words, the 
life the intermediate attacked oxygen 
must least longer for the ex- 
perimentally observed oxygen saturation effect 
interpreted. must, however, added that 
Evans™ has recently reported that certain organic 
substances can form molecular complexes with 
oxygen, which produce new absorption spectra. 
case eosine examined the effect the co- 
existence oxygen upon the absorption spectra 
but could not find such phenomenon. 

Therefore seems permissible deny scheme 
which singlet excited state attacked 
oxygen the possibility neglected that mole- 
cular complex, which can not detected spectro- 
scopically, formed between oxygen and dye. 
The decisive conclusion may perhaps obtained 
from the effect dye the solubility oxygen 
water. 


Summary and General Conclusion 


The irreversible photobleaching eosine 
the aqueous solution and alcohol-water 
mixtures was studied and was found that 
the rate photobleaching depends only 
and proportional the quantity ab- 
sorbed light when the dye concentration 
mol./1. 

The overall unimolecular rate constant 
the quantum yield, when the quantity 
dissolved oxygen varied, does not change 
over wide region but begins decrease 
below certain critical point. 

The values water-alcohol mixtures 
were found expressed the following 
equation the low concentration region 
alcohol. 


where the rate constant the pure 


9) E. Gaviola, Z. Physik, 42, 853 (1927). 
10) D. F. Evans, J. Chem. Soc., 1953, 345. 
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aqueous solution and certain constant. 

The possible schemes were given particular- 
the bases the rate formula (6) and 
the effect the quantity dissolved 
oxygen. 

most probable that the irreversible 
photobleaching eosine oxygen suc- 
cessive reaction represented the fol- 
lowing scheme 

Ib) 

this case, the probability with which 
100 times greater than that being 
attacked water. 

There some possibility that the reaction 
may proceed the following way. 


hy O2 

IIb) 

Two cases corresponding this scheme 
are possible. When moderate fraction 
contributes the reaction, the interme- 
diate must deactivated alco- 
hol far more frequently than reacts with 
oxygen, while when very small fraction 
participates the reaction, the probabi- 
lity with which deactivated alcohol 
much larger than that the reaction with 
water. The former case rather improbable, 
while, the latter one seems conform 
newly discovered fact that eosine alcoho- 
lic solution photobleached quite easily 
under evacuated conditions. 

The kinetic studies the vacuum-state- 
photobleaching eosine alcohol, the com- 
parison the effects various alcohols upon 
the rate oxygen-water-bleaching and the 
measurement the rate the possible vacu- 
um-bleaching various alcohols, all these 
investigations now progress will give 
more definite conclusion. 

The cost the present research has been 
partly defrayed from the Scientific Research 
Grant from the Ministry Education. 
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Spectroscopic Investigations the Interaction Between Simple Salt Anions 

and Transition Metal Cations. Part The Absorption Spectra 

Hexammine Cobalt and Chromium Complexes Aqueous 
Solutions Salts Weak Acid 


Hayami YONEDA 


(Received July 28, 1954) 


The solubility the luteo complex 
various concentrated aqueous salt solutions 
varies large extent with the kinds 
salt. The present author assumed that this 
fact has close relation the formation 
complexes resulting from the 
association anions around complex cations. 
the association between complex cations 
and halogen ions, reported the 
spectroscopic investigations and, especially 
the case the iodide, succeeded 
obtaining the equilibrium constants from his 
analysis the absorption band appearing 
newly association. The present author 
expected that such bands” would 
appear not only the iodide solution, but 
also other salt solutions. confirmed 
this expectation measuring absorption 
spectra and also obtained some knowledge 
the association analysing the results. 


Experimental 


The complexes used were [Co 
and [Cr and the 
salts used were KNCS, and 
Each salt was dissolved make solu- 
tions 0.1, 0.01 concentrations. each 
solution, the complex was dissolved 0.005 
concentration. This solution the complex was 
used the absorption measurement. order 
cancel the absorption due the unassociated 
free anions, the corresponding salt solution was 
used standard for the measurement. The 
measurement absorption was made using 
quartz spectrograph the rotating sector method. 
internal change the complex may possible 
during measurement, the whole procedure was 
completed minutes after the preparation 
the complex solution. The measurement was 
done room temperature between 


Results 


The experimental results are shown 
Fig. 1-10. these figures full lines 
correspond the absorption curves for 
0.1, 0.01 salt solutions respectively, one 

1) M. Lashes, Z. Elektrochem,, 50, 224 (1944), M. 


Linhard and M. Weigel, Z. anorg. u. allgen. Chem., 266, 
(1951). 


broken line that the complex itself, 
and the other broken line that the 
corresponding monoacidopentammine complex 
having the same anion the salt solution 
its complex radical. 

the complex, the end absorption lies 
the far ultraviolet region. Consequently, 
the absorption band due association 
should appear the same position the 
complex, could easily find its maximum 
exactly, and from such values could cal- 
culate exact value the degree asso- 
ciation. But the experimental result did not 
fulfil this expectation. The association band 


Fig. Cl; KNCS solutions. 
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appeared farther the ultraviolet than 
the complex and its maximum position 
could not ascertained. However, this 
case the similar characteristics the associ- 
ation were also recognized. 


Fig. 3. [Co(NH3)s] Cl; in NazS20; solutions. 
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[Co en;] Cl; KNCS solutions. 
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Fig. [Co en;] solutions. 
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Fig. [Coen;] Cl; NagCO; solutions. 
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Fig. 10. [Cr Cl; salt solu- 
tions. 


The inspection these figures shows the 
following facts. 

(1) expected, every case there exists 
the ultraviolet new broad band probably 
due the association between anions and 
complex cations. 

(2) The first band proper the complex 
always has maximum, irrespective 
kind and concentration the salt solution, 
that is, coincides with that the complex 
itself its position and height. The second 
band also has constant maximum, coincid- 
ing with that the complex itself its 
position and height within the experimental 
errors. some cases, however, where new 


broad band covers them more less com- 


pletely, their maximum positions cannot 
recognized. 


TABLE 
THE MAXIMA THE FIRST AND SECOND BANDS 
First Bands Second Bands 


63.5 1.70 88.5 1.63 

[Co 65.5 1.92 89.5 1.89 

65.0 1.60 86.0 

66.0 1.78 86.0 1.75 
Discussion 


Separation Association Bands 
the association band appears every case 
very broad band spreading between the 
second and the end absorption, the recognition 
its maximum position and height very 
difficult. But mentioned above, the first 
and second bands the complex salt solu- 
tions are the same those the complex 
tion assume that absorption due the 
association, remains when the absorption 
the complex itself subtracted from the 
whole absorption the complex the salt 
solution. this assumption, the absorption 
curves were calculated, and were drawn 
the figures with the dotted lines affixed 
the corresponding full lines. these cal- 
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culations the association band separated 
from the second band distinctly and, the 
same time, from the end absorption. 


TABLE 
THE PROBABLE MAXIMUM POSITIONS OF THE 
ASSOCIATION BANDS IN THE CoO COMPLEXES 
(Faequency units) 
115, 110, 105, ca.115 


But the end absorption affected easily 
the experimental conditions, there al- 
most meaning discussing the difference 
such calculated maximum positions. Thus 
except the case where the 
maximum lies far from the end absorption, 
can derive more than generalisation 
that there exist maxima about 
each figure the absorption curve 
the corresponding monoacidopentammine 
complex drawn the broken line for 
comparison. Comparing this with it, can 
easily find that the maximum position the 
association band, the cases 
and almost identical with the special 
band the corresponding monoacido complex. 
contrast this, the case the 
two maxima not coincide their position, 
and the maximum the association band 
lies much farther the shorter wave-lengths 
compared with the special band the corre- 
sponding monoacido complex. Here should 
noted that the maximum positions the 
association bands are almost identical the 
cases both the ammonia complexes and 
the ethylenediamine complexes. 

Equilibrium Association.—In order 
treat the equilibrium association from the 
value the optical density, assumed 
that though there exist several kinds as- 
sociation products i.e. those having etc. 
anions per one complex cation, their absorp- 
tions appear that the same deformed 
anions. Accordingly, their optical densities 
are determined only the number the 
anions associating around the complex ca- 
tions. Linhard assumed that the associa- 
tion between complex cations and halogen 
ions, the association products concen- 
trated solution exist electrically neutral 
ion-pairs. Under this assumption succeed- 
the calculation the equilibrium con- 
stants. his case the association bands 
were sharply separated that the use 
the optical densities their maximum position 
was possible. the present case, the associa- 
tion bands are broad and, addition, 
maximum positions are available most 
cases, that the calculation the equilibrium 
constants after Lihard’s method will produce 
greater errors. Besides, the solubility the 
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complex the salt solutions very large 
the present case. This fact makes marked 
contrast the case the alkali iodide solu- 
tion which the solubility the complex 
exceedingly small. Thus the author con- 
sidered that was not proper assume the 
association product electrically neutral 
ion-pair, and that should regarded 
complex containing excessive 
anions, e.g. [Co 
etc. 

the basis the above consideration, 
the author must content with the rough 
estimation the degree association. Here 
the degree association defined follows: 
salt solution regarded saturated with 
anions and taken standard. (This as- 
sumption does not hold the association 
From the inspection the curves 
the association bands the 0.1 and 
0.01 solutions, can presume 
that the complex not yet saturated even 
the solution. (See Fig. and Fig. 5.) 
The degree association 0.1 0.01 
salt solution obtained the ratio the 
optical densities the association band 
the solution that the corresponding 
solution. the optical densities 
the author used those frequencies near 
possible the maximum position. The 
calculated results are shown Table III. 

The results calculation are rather satis- 
factory, considering the accuracy the ex- 
periment and the roughness the calculation 


soln. 


[Co(N 

100 211 174 


141 


282 


133 


115 282 200 
139 


[Co 
105 473 376 
100 282 


110 160 
107.5 207 143 


TABLE III 
DEGREES ASSOCIATION 


0.1 soln. 


mean 


mean 
the case [Co the thiosulphate solutions 0.1 and concentrations 
cannot dissolve the complex make 0.005 complex solution. 
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procedure. very suggestive find that 
more voluminous trisethylenediamine com- 
plex shows almost the same degree associa- 
tion that less voluminous hexa- 
ammonia complex. already noted, the 
maximum positions the association bands 
the two complexes are almost identical 
each other. These facts suggest that the 
main origin the association lies not the 
mere electrostatic attraction but some 
localized force acting between the anion and 
the complex radical. one the probable 
origins such localized force may con- 
sider the hydrogen bridge between the NH, 
radical and the anion. But the appearence 
the marked association band cannot 
explained merely the hydrogen bridge, the 
main origin the association should 
searched for the special interaction between 
the anion and the central metal ion the 
complex radical. 

Origin the Association 
ing the present author’s opinion, the ap- 
pearence the association band may 
considered occurring the following way. 

anion aqueous solution forms 
with water molecules the hydrogen bridge. 
this state has absorption maximum 
about 2000A, corresponding the energy 
difference the ground and excited states 
the anion concerned. But when the com- 
plex dissolved, the anion enters into the 
special field the complex and associates 
with it. this case quite natural for 


the anion alter its electronic states and 


0.01 mol./soln. 


Dens. Degr. As. Opt. Degr. As. 
(%) (%) 
82.5 
79.2 


ol 


100 
mean 


a 
71.0 
5.8 
48.3 
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result the energy difference between 
the ground and excited states diminished. 
This diminishing effect appears the batho- 
chromic shift the absorption band. When 
anion enters into the complex radical, 
that is, contacts with the central metal 
ion form acidopentammine complex, 
this tendency strengthened and general 
induces more bathochromic special band. 
This interpretation exceedingly probable, 
when the absorption curves 
and are 
compared with each other. the com- 
plex the same tendency observed. But 
the complex and the bivalent anions SO,?-, 
and the association bands and 
the special bands the corresponding mono- 
acido complexes have almost the same maxi- 
mum positions. these cases the anions 
are greatly affected their electronic states 
and are considered have almost the same 
state with the anions the monoacido 
complex. This interpretation suggests that 
even the association product, the anion 
comes very near the central metal ion 
owing the strong attraction, and forms 
structure like that the hepta-coordinated 
complex. However, not yet decided 
from the present data, whether such strong 


interaction originated merely from the. 


strong electrostatic attraction between the 
bivalent anions and the trivalent cations. 
connection with this, interesting 
notice the fact that the cation typical 
element can produce neither association nor 
specia! band with anions. For example, 
aluminum cation forms the rhodanato com- 
plex concentrated rhodanate solution, 
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but even very concentrated rhodanate 
solution, can find special band the 
ordinary measurable regions. 
fact may conclude that the deforming 
power the transition metal ion not 
merely due its strong positive field, but 
chiefly originated its special electronic 
state, namely its d-electron configuration. 
The great difference the maximum posi- 
tions the association bands between 
and complexes explained the differ- 
ence their electronic configurations. 


Conclusion 


The association anions 
and around hexa-ammonia and 
trisethylenediamine and complexes 
was studied the spectroscopic method. 
the results, the following facts were 

The association bands the ammonia 
complex have almost the same maximum 
positions those the ethylenediamine 
complex. 

The degrees association the am- 
monia complex are almost identical with those 
the ethylenediamine complex. 

From these facts the main origin the 
association was discussed. 


The author wishes express his heartfelt 
thanks Prof. Tsuchida and Prof. 
Kobayashi, Osaka University, for their 
kind advice and encouragement. 


Chemistry Department, Wakayama 
University, Wakayama 


Studies the Phosphors. III. Aluminate Phosphors 


Yoshihide KoTERA and Tadao SEKINE 


(Received August 19, 1954) 


Introduction 


The aluminate phosphors were investigated 
for the first time Lecoq Boisbaudran 
who reported the emission magnesium 
aluminate activated manganese chro- 


* Read before the Fourth Annual Meeting of the Chem- 
ical Society of Japan, 1951. Report II was published in 
this Bulletin, 27, 13 (1954). 

1) Lecoq de Boisbaudran, Compt. rend. 105 61 
1887). 


studied also about aluminate phosphors, but 
the full details their preparations, charac- 


2) D. T. Wilber, Phys. Rev., 20, 101 (1922). 
3) O. Deutchbein, Ann. Physik, 14, 712, 729 (1932): 
Z. Physik, 77, 489 (1938): Physik. Z., 33, 874 (1932), 
4) E. Iwase, Sci. Papers Inst. Phys. Chem. Research 
(Tokyo), 34, 487 (1938). 
5) H. W. Leverenz, Proc. I. R. E., 32, 256 (1944). 
J. W. Strange and S. T. Henderson, Proc. Phys. 
. 58, 369 (1946). 
R. H. Clapp and R. J. Ginther, J. Optical Soc. 
37, 355 (1947). 
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teristics etc. are yet unknown. H.C. Froelich 
reported recently the strontium aluminate 
which emits red light when excited 
cathode have prepared various 
aluminate phosphors and found some remark- 
able results. 


Experimental and its Results 


(1) Purification Sodium Aluminate and 
Metallic Salts.—In the preparation aluminate 
phosphors, aluminum metal was used one 
the starting materials. 

Aluminum metal, which prepared electro- 
lysis and contains 99.81% Al, 0.10% Si, 0.07% Fe, 
0.01% and 0.01% was dissolved caustic 
soda solution and, after filtration, the filtrate 
was decomposed pure carbon dioxide. Thus, 
the crystalline aluminum hydroxide was obtained, 
and its purity was established spectroscopically. 

for the other starting materials, respective 
metallic salts were used, which were purified 
the process described previous 

(2) Mixing and Firing.—The purified alumi- 
num hydroxide was mixed with the purified me- 
tallic salts, flux and activators. 

When sodium fluoride was used for flux, its 
solution was purified the addition ammonium 
sulfide and, after filtration, the filtrate was added 
the batch. After being mixed the wet state, 
the product was dried and fired. Aluminum 
fluoride, which was used more frequently than 
sodium fluoride solution, was prepared from puri- 
fied fluoride solution and aluminum salt solution, 
both being purified the processes analogous 
those described previous paper. was preci- 
pitated mixing the fluoride and aluminum salt 
solutions, washed, dried, and then mixed the 
dry state agate mortar with the body 
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materials and activators. 

for activators, commercial chemical 
grade manganese sulfate, cerric oxide lead 
oxide was used. When the activator was added 
considerably large amount, for example, case 
when lead was used activator, was puri- 
fied processes similar those described 
previous paper. 

The batch was fired the electric furnace. 
When the atmosphere had controlled, the 
tube furnace was employed, through the tube 
which the gas purified the method 
was streamed. 


TABLE 
THE OPTIMUM MIXING RATIO OF ALUMINATE 
PHOSPHORS 
(MO 
Mgaluminate 1:2 mol(MgO 0.2 
aluminate 0.24 
aluminate Wet process 0.27 
1.2-1.3 mol(PbCO;) 0.25 


case) (mol.) 


(3) Properties.—The properties some alu- 
minate phosphors and their optimum mixing ratio 
were shown Tables and respectively. The 
spectral curves measured means quartz 
spectrograph, are shown Fig. corrections 


8) H. C. Froelich, U. S. Pat. Spec., 2392814. 

9) Y. Kotera and T. Sekine, This Bulletin, 27, 13 
(1954). 

10) A. L. Smith, Trans. Electrochem. Soc,, 93, 324 
(1948). 


TABLE 
THE COLORS EMISSIONS ALUMINATE PHOSPHORS 


Host lattice Activators 


aluminate none 
(0. 002) 
(0.001) 
aluminate none 
(0.105) 
(0.0008) 
none 
(0. 002) 
(0.1) 
(0.066) 
(0.0015) 
none 


none 


aluminate 


blue 


aluminate none 
aluminate 
aluminate 


aluminate 


none 


3650 
orange 
orange 
yellowish 
green 
violet 
orange 
violet 
orange 
orange red 


orange 


orange 


Cathode 
rays 
none 
orange 
none 


2537 X-rays 


none none 
orange 


blue 


green 
none 

none 
orange 


none 
yellow 
none 
none 


none 
orange 
none 
none 
none 
green 
none 
green 
violet 
green 
orange 
white 
blue 


none none 
green 
none 
none 
violet 
green 
orange 
white 
blue 


blue 
pink 
blue 


orange 
white 
blue 


The concentration activator was expressed mol ratio the host lattice. 


f=faint, m=medium. 
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aluminate 
aluminate 
aluminate 
aluminate 
aluminate 
aluminate 


(Pb large amount, 
Activated (25374) 
(Pb small amount, 2537A) 
(Pb small amount, 36504) 
Fig. 


being made the spectral sensitivity the 


photographic plate. The ranges emission for 


aluminate phosphors activated lead and lead 
aluminate were shown Table III. 


TABLE 
THE RANGES OF THE EMISSION FOR 
ALUMINATE PHOSPHORS ACTIVATED BY 
LEAD AND LEAD ALUMINATE 
EXCITATION) 
aluminate 4000-4700 


have taken interest the preparation 
doubly activated phosphors and continued the 
studies the preparation strontium aluminate 
phosphors. 

(4) The preparation Strontium Aluminate 
Froelich strontium alu- 
minate activated manganese shows red lumines- 
cence when excited long wavelength ultraviolet 
light, cathode rays. prepared after his 
description and obtained product which emits 
red light under the ultraviolet excitation, but all 
the products, emit green light when excited 
cathode rays, although the conditions prepara- 
tion were varied shown Table IV. 

tried decide whether this phosphor emits 
light even the excitation short wavelength 
ultraviolet light not. thought that the 
sensitization this phosphor secondary activa- 
tor—or possible, and add- 
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TABLE 
THE CONDITIONS PRERARATION 
STRONTIUM ALUMINATE PHOSPHORS 

Molar 1:0.8-2.0 
0-0.5 
Center(Mn) 0-6 mol. 

Firing temperature 
Firing time 2-6 hours 
Atmosphere Air and Steam 


lead salt the batch before firing. this way 
got strontium aluminate phosphor, which 
activated manganese and lead, and emits 
luminescence shown Fig. when excited 


ultraviolet light. Its preparation was done under 
the conditions described Table Though the 


TABLE 
THE CONDITIONS PREPARATION 
STRONTIUM ALUMINATE PHOSPHOR ACTI- 
VATED BY MANGANESE AND LEAD 
Molar 1:0.9 
0.24 mol./1 mol. 
Center(Mn) 0.1 mol. 
Firing conditions 1200°C, hours, air 


emission curve did not show the red band, owing 
possibly the poor spectral sensitivity the 
photographic plate this region, this phosphor 
emits weak red light also short wavelength 
ultraviolet light. emits red light long ultra- 
violet, but green light cathode rays. The 
observations its properties will made later. 


Discussion 


Many reports were published the alu- 
minate phosphors, but all these reports 
treated them singly-activated ones. 
tried prepare the alu- 
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minate phosphors, and chose manganese 
emitting activator, because its emission 
rather independent the host crystal. 
first, prepared some aluminate phos- 
phors, which were activated manganese, 
lead and cerium, and confirmed that the 
manganese-activated phosphors show almost 
the same characteristics those reported 
previously, except that strontium aluminate 
activated manganese emits green light 
under cathode rays, although the conditions 
for its preparation were varied shown 
Table IV. for the phosphors, which were 
activated lead cerium, found that 
they have their characteristic emissions, 
which was not yet reported. Tables and 
III show their characteristics. Table II, 
interesting note that the optimum 
mixing ratio comparatively great magne- 
sium and zinc aluminates, the cause 
which might attributed their spinel 

the aluminate phosphors, which were 
prepared us, strontium aluminate activated 
both manganese and lead the only one 
which might considered activated 
double activators. might necessary 
measure the absorption and excitation spectra 
order determine whether the red emis- 
and the facts that the lead-activated strontium 
aluminate emits blue light 
wavelength ultraviolet light and the manga- 
nese-activated one has emission when 
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excited 2537 but shows strong emission 
under 3650 may considered rather 
firm basis for the double activation. Calcium 
aluminate activated manganese and lead 
cerium was prepared us, but this 
case could not obtain any doubly-activated 
phosphor. 


Summary 


Various aluminate phosphors were prepared 
and some their emissions were measured. 
When activated manganese, aluminate 
phosphors emit green, orange, red light, 
while those activated lead show blue 
violet emission. Cerium acts activator 
only for calcium aluminate and emits violet 
light under ultraviolet excitation Strontium 
aluminate activated manganese and lead 
shows emission under short wave- 
length ultraviolet excitation. This may 
caused the double activation 
manganese and lead. 


The authors wish thank Mr. Shigeo 
Shionoya for the measurements spectral 
distribution emission, and Dr. Hiromi 
Nishida and Dr. for the 
general discussion the subject and the 
experimental work they have done. 


Government Chemical Industrial 
Research Institute, Tokyo 
Hatagaya, Tokyo 


Studies the Phosphors. IV. Application Polarography 
the Analysis Activators, Especially, Calcium Silicate 


Yoshihide Michiko YONEMURA and Tadao SEKINE 


(Received August 19, 1954) 


Introduction 


the preparation the phosphors, the 
amount activators one the most im- 
portant factors for determining their charac- 
teristics, and usually calculated the 
mixing ratio for the batch before firing. 
certain activators may dissipated during 
the firing, necessary determine the 
residual amount for discussing properties 
resulting phosphors connection with the 
amount activators. have determined 


*) Read before the Fifth Annual Meeting of the Chem- 
ical Society of Japan, 1952. Report III will be published 
in chis Bulletin. 


this amount for several phosphors means 
polarography. 

Especially, for calcium silicate phosphors 
activated manganese and lead, whose 
characteristics depend upon the atmosphere 
during the firing, proved that the at- 
mosphere during firing gives remarkable 
changes the residual amount activators 
and that the brightness phosphors af- 
fected this amount. 


Experimental and its Results 


(1) Analysis Activators Phosphors 
Polarography.—We tried analyse activators 
various phosphors means polarography. 
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The procedures are described follows. 

(a) Manganese and (Zn, 
Mn.—Manganese was analysed the pro- 
cedure which was reported 

1.5-2.0g. the unfired and fired sample were 
dissolved conc. HCl. This solution was eva- 
porated dryness, which warm distilled 
water was added. After silica was removed 
filtration, 20-40 ml. HCl were added the 
filtrate. this solution was taken 
sample for polarography, and, after addition one 
two drops the mixed solu- 
tion saturated-sodium sulfite solution (solution 
No. the Spalenka’s receipt) and methol solu- 
tion (solution No. 4), ammonia solution 
(solution No. 5), and 10ml. the mixed solution 
cyanide solution (solution No. and caustic 
soda solution (solution No. 7), was analysed 
polarography. The solutions used this 
procedure were prepared the method 
Spalenka’s. 

order detect manganese the silica ob- 
tained filtration, was fused with 
and NaOH platinum crucible, but manganese 
was not found its polarogramm. 

was prepared firing the batch 
for hours 1150°C, the batch containing 1g. 
ZnO, 0.4g. 0.003g. NaF and Mn. 
for (Zn, Mn, the batch used con- 
tained 1g. ZnO, 0.5g. BeO, 

The results are shown Table and Fig. 


mgMn 


Mn, (Zn, and the mixed 
white phosphors. 

ZngSiO,: (unfired) 
(fired) 

(a,b: 0.2g. sample ml) 

(c, 0.05g. sample ml) 
white 4500°K white 
warm white 

(e, 0.05g. sample ml) 


TABLE 
unfired fired 


(6) Manganese and antimony the mixed 


1) M. Spalenka, Z. anal. Chem., 128, 42 (1948). 
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and warm which were prepared 
U.S.A. and expected the mixture cal- 
cium halophosphate phosphor activated man- 
ganes and antimony and other phosphors, were 
used samples. sample were fused with 
the fused mass was dissolved 
HCl, and the volume solution thus obtained 
was adjusted the acidity which was 

The antimony this solution was analysed 
directly the method Page and 
while manganese was analysed the procedure 
described above. The standard solution anti- 
mony was prepared dissolving 
solution, which was previously made acidic 
the addition HCl. 

The results obtained are shown Table and 
Fig. 


TABLE 
CONTENT MANGANESE AND ANTIMONY 
IN THE MIXED WHITE PHOSPHORS 
manganese antimony 
3500°K white 0.015 g./g. 0.0065 
4500°K white 0.021 
warm white 0.024 0.0053 


Eig. 


Determination 
the mixed 
white phosphors 

3500°K white 

4500°K white 

warm white 

(a,b,c: 

sample ml.) 


(c) Copper ZnS: Cu.—Being dissolved 
HCl, ZnS: was analysed the usual polaro- 
graphic procedure, and confirmed that the 
copper content remained unchanged during the 
usual firing. 

(2) Analysis_of Activators Calcium Sili- 
cate Phosphors and the Measurement Their 
Brightness. 

(a) Preparation calcium silicate phos- 
batch containing 1.0g. 
was fired 1120°C for hours 
various atmospheres. Two kinds silica were 
used for the batch, one being prepared from ethyl 
silicate, the other from sodium silicate. The 
atmosphere during firing was controlled the 
precedure described previous 

Analysis activators the phosphors 
and the measurements their brightness.— 
The fired products were dissolved HCl and 


2) J. E. Page and F. A. Robinson, J. Soc. Chem. Ind, 
(London), 61, 93 (1942). ; 
3) Y.Kotera and T. Sekine, This Bulletin, 28, 129(1955), 
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the solution evaporated dryness repeatedly, 
and then, after filtration, was adjusted ml., 
which had acidity HCl. The this 
solution was analysed directly according 
Manganese was analysed according 
after the solution 50g. and 50ml. 
conc. NH; 500ml. water was added the 
solution the sample and the total volume was 
expected The standard solution 
lead was prepared dissolving HCl. 

The measurement brightness under the ex- 
citation was carried out the pro- 
cedure described previous 

(c) The effects atmosphere and firing time 
the residual amount activators and the 
brightness.—The results obtained are shown 
Table and Fig. results were analysed 
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which the divided portions were taken and fired 
the same furnace. The effects the atmos- 
phere and the time are significant the and 
levels respectively. the brightness would 
changed with the residual amount lead 
manganese, the correlation coefficients between 
one these residual amounts and the brightness 
were calculated. Multiple correlation coefficient 
was 0.926 (significant the level), and partial 
correlation coefficient was 0.850 (signif. the 
level) the case lead, while was —0.408 
(not signif.) the case manganese. From these 
values, concluded that 

(i) The amount lead has more important 
effect upon the brightness than manganese. 

(ii) These effects contrary, viz., the 
brightness increased either with the increase 


TABLE III 
THE RESIDUAL AMOUNTS OF ACTIVATORS AND THE BRIGHTNESS OF CALCIUM SILICATE 
PHOSPHORS 
Firing time Atmosphere 
Lead content 0.0021 0.0013 0.0014 0.0007 0.0013 
0.0015 0.0011 0004 0.0013 
0.0017 0.0013 0.0011 0002 0.0011 
Manganese content 0036 0.0057 0056 
Brightness 9.5 7.0 1.6 6.9 
9.1 6.5 7.4 1.6 
9.0 7.5 1.4 5.9 


the completely randomized block designs for 
the residual amount lead and manganese and 
the brightness, the atmosphere and the firing time 


4) Y. Terui, Bull. Inst. Phys. Chem. Research 
(Tokyo), 17, 644 (1938). 

5) N. Hohn, Z. Electrochem,, 43, 127 (1939). 

6) Y. Kotera and T. Sekine, This Bulletin, 27, 13 


being taken factorial effects. Care concerning 
randomization was taken, for example, large 
quantity the batch was prepared mixing, 
the amount lead, with the decrease 
that manganese. 

order verify these results, the analysis 
covariance was carried out and the effects at- 
mosphere firing time the brightness were 
investigated, the amount manganese lead 
being taken additional factorial effects. These 
results are listed Table IV, from which 
concluded that 


TABLE 


TABLE THE ANALYSIS COVARIANCE 


(a) When the amount lead taken 
addditional effects 


Degree 
dom 
firing time 119.58 59.79 2.98 
atmosphere 1601.79 400.45 19.95 
average linear 8447.76 8447.76 420.91 
response 
error 140. 20.07 
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(b) When the amount manganese 
taken additional effects 
Degree 


Source Sum Mean 
variation dom squares squares 
firing time 76.90 
average linear 5150.88 5150.88 265.78 
response 
error 135. 19.38 


significant the level, signif. 
the 5%. 


The F-ratio for the atmosphere variation 
significant the level while that for the 
firing time variation not significant. 

(ii) the linear respense separated, the 
analysis covariance gives clarified results, and 
for the selection additional factorial effects, the 
amount lead preferable that manganese, 
which would expected from the values the 
correlation coefficients and from Table IV. 

From the results the randomized block 
design, the effect firing time the brightness 
significant the level, but, this effect 
the residual amounts both lead and manganese 
also significant the level, and veri- 
fied from the analysis covariance, that the 
changes brightness are almost always caused 
the changes residual amounts activators. 


The significance the effects difiers between 


five kinds atmosphere, listed Table 
noted that better results were not ob- 
tained for hydrogen, which has hitherto been 
considered adequate atmosphere for the 
preparation this 


TABLE 
THE SIGNIFICANCE OF EFFECTS OF THE 
ATMOSPHERES 
air>H,0O, Ng, O2>He 
TT = 
He, Ne>H2O>air>O, 
air>O2>Nz2, 


amount lead 
amount manganese 


brightness 


Effect the source silica the re- 
sidual amounts manganese and 
results described above were obtained for the silica, 
which was prepared from silicate, and they 
were compared with those for the silica prepared 
from sodium silicate. These results are shown 
Table VI, which the values are expressed 
percentage the residual amounts activators 
remaining after firing those present before 
firing. The values above 100 may caused 
the fact that, although activators were not dis- 
sipated, the decrease weiget was brought out 
the evolution gas produced during the raction for 
formation the host lattice. From these results, 
shown that, the silica from sodium silicate 


7) H.C. Froelich, Trans. Electrochem. Soc., 93, 101 
(1948). 
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TABLE 
EFFECTS THE SOURCE SILICA 
THE RESIDUAL AMOUNT MANGANESE 


AND LEAD 

Atmosphere 

lead silicate 

silicate 
manganese silicate 

Sodium 107 104 111 106 122 

silicate 


used instead one from silicate, lead 
decreased remarkably, and manganese decreases 
only little, the decrease brightness might 
expected. 


Discussion 


The amount activators was determined 
for various phosphors before and after firing 
means polarography. These procedures 
were considered one the most effec- 
tive methods control the production 
phosphors. Almost all the activators, 
which are now used for the present phosph- 
ors, could analysed employing polaro- 
graphic methods. found it, however, 
difficult detect some impurities the 
raw materials phosphors, for example, iron 
purified ammonium diphosphate. 

Manganese copper was not dissipated 
during firing, while antimony lead seemed 
lost that period. The fact that the 
was increased during firing, may 
explained the assumption that the 
water contained these batches, 
silicic acid, was lost during firing. The 
reason why antimony content differs between 
samples white phosphors might found 
their different contents one kind 
calcium halophosphate phosphors. 

The factorial design experiment, which 
used for the determination effects 
atmosphere and firing time the brightness, 
seems one the most powerful methods 
for the control the phosphor production 
and gives good result for the case cal- 
cium silicate phosphor. this case, the 
residual amounts activators were analysed 
polarography and used the additional 
factorial effects for the analysis covariance 
the brightness. The results obtained from 
this analysis could clarify the effects at- 
mosphere and firing time the residual 
amounts activators and the brightness 
separately. From these results, shown 
the calcium silicate phosphors, that lead 


it- 
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has more significant effect upon the bright- 
ness than manganese and the change 
atmosphere causes that the amount 
activators and the brightness. The fact, that, 
with the increase the amount lead the 
brightness increased, while manganese has 
opposite effect, accord with the previ- 
ous results”, but could not obtain such 
decisive results when hydrogen was employed 
use one from silicate, because the in- 
crease the brightness may expected. 


Summary 


The amount activators, which are now 
used for the present phosphors, was deter- 
mined means polarography. The results 
obtained shows that manganese copper 
not dissipated during firing, while antimony 
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for calcium silicate phosphors activated 
manganese and lead, the residual amounts. 
activators were analysed polarography 
and, these amount being taken the addi- 
tional factorial effects, the analysis co- 
variance was carried out see the effects. 
atmosphere and firing time the bright- 
ness. The results obtained show that the 
amount lead has more significant effect 
upon the brightness than manganese and the 
change atmosphere causes that the 
amount activators and the brightness. 

The authors wish thank Dr. Hiromi 


Nishida and Dr. Shoji Makishima for the 
general discussion the subject and the ex- 
perimental work they had done. 
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Introduction 


Quite recently two interesting investi- 
gations were published about the photopoly- 
merization vinyl compounds means 
organic dyestuffs. 

One the paper Ueberreiter and 
concerning polymerization styrene induced 
neutral red, quinoline yellow and other 
dyestuffs, and the chain initiation was attri- 
buted the transference energy from 
excited dye vinyl monomer. 

The other paper brief communication 
which reported rather prelimi- 
narily the polymerization various vinyl 
compounds using the proper combination 
organic dye and suitable reducing agent 
the presence oxygen; the polymerization 
other simple radicals produced during the 
reoxidation reduced dye oxygen. 

Now since our preliminary report® the 


1) K. Ueberriter and G. Sorge, Z. Elektrochem., 57, 
795 (1953). 

2) G. Oster, Nature, 173, 300 (1954). 

3) M. Koizumi, J. Kuroda and A. Watanabe, J. Inst. 
Polytech. Osaka City Univ., Series C, 2, 1 (1951). 


photosensitized polymerization styrene. 
published 1951, the work has been con- 
tinued and especially the investigations using 
cyanine dyestuffs have been successfully ex- 
tended and has become quite clear that 
suitable dyestuffs, when excited, directly 
react with vinyl monomer induce the 
polymerization quite efficiently. Thus, 
established that, when the mixture styrene 
and n-butanol, 15:1 volume, containing 
about mol./1. various cyanine dye 
irradiated visible light 60°C 
vacuo, the decomposition dye molecules. 
occurs and the same time the polymeri- 
zation styrene greatly accelerated, and 
the number initiations the latter pro- 
duced one decomposed dye molecule was. 
found one two. The quantum 
yields for the photobleaching dye and for 
the initiation polymerization were also 
measured. The present paper will present 
brief account our results; the details 
the practical implications and full 
published Journ. Inst. Polytech. Osaka 
City University. 
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Experimental 


Sample.—Cautiously purified styrene was once 
more distilled vacuo prior the experiment. 
All the cyanine dyes except pinacyanol chloride, 
which was provided the Japan Research In- 
stitute for Photosensitizing Dyes. Co., Ltd. 
Okayama, were kindly supplied Dr. Ogata 
the Institute Science Tokyo. 

Apparatus and Experimental Procedure.— 
‘The main part the apparatus shown Fig. 


Fig. Apparatus. 


750 tungsten lamp used asa 
light source. 

Lens system. 

Filter. 

Drum-shaped reaction vessel about 
ce. 

Kipp thermopile. 


The quantity absorbed light was measured 
the use potentiometer during the experi- 
ment, and the calibration the thermopile was 
done with lamp. 
photons entering the reaction cell was about 
per most cases. 

The experimental procedure follows. 

One part n-butanol solution dye and 
parts styrene are mixed and, after thorough 
out-gassing, each 5cc. the sample are poured 
into two reaction vessels vacuo and fused off 
separately; one for the dark reaction and the 
other for the photo-reaction, and these two reac- 
tions are carried out the same time that 
they may compared with each other. 
course, the whole procedure performed the 
dark. The two cells are kept thermostat 
60°C and one irradiated the light suitably 
selected Matsuda color filter. After certain 
time, interval one more than ten hours, 
the absorption spectrum each sample ex- 
amined Beckman spectrophotometer order 
determine the quantity bleaching dye. 
Next each disstilled vacuo separate the 
produced polymer, then the latter dissolved 
benzene and after eliminating the benzene 
sublimation vacuo, the remaining polymer 
weighed. Lastly viscosity the benzene solu- 
tion polymer measured, and from the intrinsic 
viscosity the average molecular weight the 
polymer calculated the formula proposed 


Experimental Results 


Main Features the Bleaching and 
Polymerization Reactions.—The absorption 


4) D. C. Pepper, J. Polymer Sci., 7, 347 (1951). 


The number of. 
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spectra five cyanine dyes employed for 
the experiment are shown Fig. the con- 


centrations dyes being all mol./1. 
' 


=> 


Optical density, log— 


Wave length, 


Fig. Absorption spectra cyanine 
dyes styrene and butanol (15:1), 
thickness the cell; 


(1) Isocyanine 


(2) Pinacyanol chloride 


| | | | | | 
iodide 
aa 4 
Kryptocyanine 
CH=CH—CH 
| | 
(5) 
CoH; 


All the dyes have two absorption maxima, 
and most experiments the incident light 
the wave lengths covering these two 
maxima was used. When the solutions 
dye were irradiated 60°C 
vacuo, bleaching was observed within the 
experimental error. 

Bleaching dye took place only when the 
dye solution styrene-butanol mixture was 
irradiated, and accordance with it, the 
rate polymerization was accelerated. 
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Some typical bleaching curves are shown 
Fig. which the percentage decom- 
posed dye calculated from the observed drop 
the higher maximum absorption are 
plotted against time. 


Quantity 
bleaching 


Time, hr. 

Fig. Bleaching dye. 

Filter 

Pinacyanol iodide V-R2 

Dark 

Isocyanine 

Dark 


evident from the figure, the bleaching 
occurs slightly even the dark, but its 
quantity being very small and independent 
time, one may safely conclude that 
due some impurity minute quantity 
oxygen remaining the sample. 

for the photobleaching, the absorption 
visible wave lengths case pinacyanol 
chloride, kryptocyanine, heptamethinthiocy- 
anine, but case isocyanine and pinacy- 
anol iodide new absorption band, though 
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small shape, seems appear the 
shorter wave length side the original 
maxima. For group experiments one 
kind dye, the constancy the light in- 
tensity being assured much possible, 
the quantities absorbed light are almost 
the same, but for different kinds dye, the 
extinction not being the same, the curves 
not necessarily represent the ease photo- 
bleaching. can said, however, that 
under the present conditions all the dyes 
except pinacyanol chloride are decomposed 
almost completely within few more than 
ten hours. 

The quantity polymerization 
presented the percentage the original 
monomer are plotted against time Fig. 


TABLE 
THE AVERAGE POLYMERIZATION DEGREE 


Dark 
Time 
version 
0.09 
Isocyanine 
0.15 
Pinacyanol 0.59 
chloride 
Pinacyanol 
iodide 0.16 
0.31 
Krypto- 
cyanine 
Heptamethin- 0.10 
thiocyanine 0.12 


4 
- 
° 
Time, hr. Filter 
Fig. relation between the quantity 
polymerization and time various 
conditions. 
Dark 
Isocyanine Dark 
dye 
Light 
version 
9.5 
0.17 
0.51 
9.2 1.58 8.8 V—R2 
0.33 5.6 V—R2 
0.55 V—R2 
1.19 
1.62 5.7 
1.06 7.0 
6.9 
V—R2 
0.47 8.4 V—R2 
0.54 V—R2 
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clear from this figure that the poly- 
merization the dark the thermal poly- 
merization the system containing dye 
takes place just the same rate that 
the simple mixture butanol and styrene. 

The enhancement the magnitude 
polymerization when illuminated marked 
all the cases, though the quantity differs 
some extent for each dye. After certain 
time illumination the curves for the 
polymerization light* run parallel that 
for dark polymerization, which assures the 
non-existence the effect the decomposed 
dye upon the polymerization rate. 

From the comparison Fig. and Fig. 
merization, broadly speaking, 
related with each other and seems that 
the two processes proceed side side, but 
case pinacyanol iodide the photopoly- 
merization seems survive the disappear- 
ance dye little The details 
this phenomenon will stated the next 
paper. The photobleaching pinacyanol 
chloride and the accompanying photopoly- 
merization, which are not shown Fig. 
and Fig. are very small compared with 
other dyes. 


The Average Polymerization 


Some the main results for the degree 
polymerization are tabulated Table 

These values, course, concern the whole 
reaction including those the dark and the 
photopolymerizations and are rather con- 
ventional nature. The proper treatment 
the data will given the following 
paper, and will found there that the 
discussion, qualitative nature, not 
affected much. Here one will not further 
than say that the larger the quantity 
photopolymerization, the smaller the poly- 
merization degree. 

The Number Kinetic Chain for Poly- 
merization Produced per one Dye Molecule 
Bleaching and for the Initiation Process 
the Polymerization. 

Using the degree 
tabulated above, one can easily get the 
value the number initiation for 
polymerization per one dye molecule decom- 
posed, from the quantity decomposed dye 
and that photopolymerization, which 
the present case will tentatively put 

* To avoid confusion the following terminology will 


be used in the present research. The polymerization in 


the whole, when illuminated, will be referred as “‘ the 
polymerization in light’, while the term “‘ photopolymer- 
ization” will only be adopted for the part left when the 
polymerization in the dark is subtracted from the poly- 


merization in the light- 
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equal the difference between the quantity 
polymerization the light and the dark. 
The assumption involved course open 
question, but the precise treatment which 
will given the next paper will show 
that the above simple treatment not 
greatly error. 


Some the values thus obtained are 
tabulated Table II. They are all close 


TABLE 
THE VALUE 


Dye Time 


(hr.) Filter 

1.4 
V—R2 
Pinacyanol 0.6 V—R2 
chloride 3.1 
3.5 V—R2 
Pinacyanol 2.5 V—R2 
iodide 1.5 V—R2 
1.6 
Kryptocyanine 2.3 
1.9 
0.79 V—R2 
thiocyanine 1.3 V—R2 


value seems somewhat large when 
the filter V—R2 transmitting only the maxi- 
mum the longer wave length was em- 
ployed, but will shown the next 
paper that the corrected value perhaps 
two. The values for pinacyanol chloride are 
unreliable, since the quantities bleaching 
and the photopolymerization are small 
this case that the accurate measurements 
are quite difficult. 

The quantum yields for photobleaching 
and for the initiation process the poly- 
merization are tabulated Table III. 

The latter statistics are approximate 
nature since the degrees polymerization 
Table concern the complete polymeri- 
zation the light. evident from the 
table, the values are nearly equal for 
pinacyanol iodide, heptamethinthiocyanine 
and isocyanine; next comes kryptocyanine 
and the value for pinacyanol chloride 
much less. 


Discussion 


From the fact that the dye the mixture 
and styrene neither decomposes 
the dark nor affects the thermal poly- 
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TABLE III 


QUANTUM YIELD 


Time 


(hr.) for 


Isocyanine 


Pinacyanol 
chloride 


to 


Pynacyanol 
iodide 


Kryptocyanine 
Heptamethin- 
thiocyanine 


AQ) & Ww 


merization, can concluded that there 
interaction between the dye molecule 
the ground state the one hand and the 
monomer molecule polymer radical the 
other hand. Most probably the dye mole- 
cules when excited will not decompose 
themselves, since they are stable the illu- 
minated solution The decom- 
position dye only takes place when the 
excited dye molecule interacts with styrene 
initiate the polymerization. Thus one 
may presumably conclude that the present 
photopolymerization due the direct 
interaction between the excited dye and the 
monomer. 

view the small quantum yield both 
for photobleaching and for 
process the polymerization, most the 
excited dyes release the excess energy, but 
only small fraction them available 
for the polymerization. Perhaps the inter- 
action between dye and monomer will pro- 
duce two radicals, both which initiate the 
polymerization more less effectively. The 
iodine atom seems play important role 
the present photopolymerization, since all 
the dyes containing iodine show the same 
chloride, the absorption which quite 
similar pinacyanol iodide, far less effec- 
tive. will worth adding that the 


Quantum yield 
bleaching 


6.9 


Quantum yield 
process poly- 
merization 


Filter 


6.0 
9.4 


1.0 


4.1 
2.3 
8.4 


quantum yield for the initiation process 
the polymerization the same order 
magnitude that reported Oster, and 
hence cyanine dyes may equally valuable 
for the practical purpose the combination 
some dye and reducing agent used 
Oster. 


Summary 


The photopolymerization induced the 
excited cyanine dyes was investigated, and 
was established that the direct interaction 
between excited dye and monomer initiates 
the polymerization. The quantum yields for 
photobleaching and for the initiation process 
the polymerization were both found 
the order was further found 
that one dye molecule produces one two 
kinetic chains polymerization. 


The authors express their hearty thanks 
Dr. Ogata and Dr. Banno who 
gave them valuable samples dye and 
Dr. Kanatsuka who supplied them with 
B-phenyl-ethyl alcohol. The cost the 
research has been partly defrayed from the 
Scientific Research Grant from the Ministry 
Education. 
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Introduction 


reported the preceding the 
photosensitized polymerization occurs when 
the solution cyanine dye mixture 
styrene and irradiated 60°C. 
this reaction, the dye molecule decom- 
posed most probably its interaction with 
styrene, when the former the excited 
state, producing one two kinetic chains 
polymerization per one dye molecule de- 


Now order know the features 


the reaction more detail, the effects 
various factors upon the reaction such 
temperature, the wave lengths the incident 
light, and the concentrations dye, have 
been examined, chiefly employing pinacyanol 
iodide sensitizer. 

Further, the probable scheme the reac- 
tion has proposed and its basis 
suitable corrections have been given the 


a-values reported the previous paper. 


The apparatus and the experimental pro- 
cedures are the same the previous 
paper. 


Experimental Results 
Effect Temperature.—Two series 
experiments were performed 40°C and 60°C, 
iodide mixture parts styrene and 
part Matsuda color filter VO-2, 
which transmits the wave lengths the two 


(V-O2) 
Dark 


Quantity bleaching, 


Time, hr. 
Bleaching pinacyanol iodide 


1) M. Koizumi and A. Watanabe, This Bulletin, 28, 
136 (1955). 


absorption maxima dye, was used, and the 
number photons entering the reaction cell was 

The bleaching curves and the polymerization 
curves both light and dark 40°C are given 
Figs. and respectively. The results 


Light 
Dark 


Conversion, 


Time, hr. 


Fig. Polymerization styrene 40°C. 


Filter 
NiSO, aq. soln. 
V-R2 
Dark 


Quantity bleach- 


Time, hr. 
Fig. Bleaching pinacyanol iodide 
60°C. 


Filter 
Dark 
dye 


“ 


Conversion, 


Time, hr. 
Fig. Polymerization styrene 60°C. 
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60°C are shown the curves, (3) Figs. and 
which include the other results obtained when 
the different filters were used. 

seen from Figs. and the bleaching 
dye occurs even the dark both 40°C and 
60°C, but its quantity small and independent 
time, and moreover the same order 
magnitude both cases. The photobleaching 
much faster 60°C than 40°C. 

for the polymerization, thermal polymeriza- 
tion scarcely occurs, and only photopolymerization 
proceeds 40°C; the latter seems continue 
even after the completion photobleaching. 
60°C, thermal polymerization takes place, but its 
rate not affected the addition dye 
already reported the previous paper. re- 
markable fact that new band, which will 
shown later, appears the region shorter wave 
lengths, and this more marked 40°C than 

The influence temperature upon the poly- 
merization degree, and upon the quantum 
yield will given later. 

Effect the Dye Concentration.—The 
polymerization curves 60°C for three different 
concentrations dye are given Fig. 


dye conc., 


Light) 


dye 


Conversion, 


Time, hr. 


Fig. The effect dye concentration 
the quantity polymerization. 


noted that styrene this case was not 
distilled directly before the experiment and that 
the thermal polymerization proceeded faster than 
the other cases. spite this fact, 
certain that the photopolymerization continues 
longer the more concentrated solution, and 
that least the initial stage the reaction goes 
almost the same rate three different 
concentrations dye. Judging from the molar 
extinction coefficient dye, the effective light 
absorbed almost completely the initial stage 
the reaction that very probable that the 
rate depends only the number excited dye 
molecules rather than the total concentration 
dye. 

Effect the Wave Lengths Incident 
Light.—Pinacyanol iodide has two maxima 
580 and order investigate the 
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effect different wave lengths, the three series 
experiments were done using the following 
filters; 200g./1. aqueous solution 
thickness, which transmits only the 
maximum shorter wave length, Matsuda 
color filter which selects the light longer 
than about 600 and Matsuda color filter 
which transmits the wave lengths the two 
absorption maxima. The results are shown 
Figs. and 

remarkable that the rate photobleaching 
(2) much slower than (1) and (3), though 
the exact comparison can not given account 
the difference the light intensity the three 
cases. The number photons absorbed the 
initial stage the reaction are approximately 
and quanta per for 
the above three cases, respectively. 

addition, observed that case the 
photopolymerization continues even 
almost complete destruction the dye. cases 
and 2), the photobleaching and photopolymeri- 
zation proceed seemingly parallel manner. 
Now the appearance new absorption band 
mentioned section and the survival the 
photopolymerization after the completion 
photobleaching case could successfully 
correlated the following way. 

case (1) the absorption curve the sample 
after the reaction declines throughout the whole 
visible region the bleaching proceeds, while 
case (2) new absorption band appears accom- 
panied the fall the two original maxima. 
typical example shown Fig. case 


08 


Wave Inegth, 


Fig. Absorption spectra 
mol./l. pinacyanol iodide styrene and 
butanol (15: silica cell. 

(2) After the reaction dark for 
60°C. 

(3) After the reaction light for 
18hrs. 60°C. 


3), this new absorption band, which appears 
the proper stage reaction though less markedly 
than case 2), gradually drops time goes on. 
was ascertained another experiment that 
this new absorption band does not decline when 
the sample maintained the dark 60°C for 
Thus becomes quite clear that the 
reaction product which produces this new absorp- 
tion band decomposed only irradiation. 
Further, was found case (2) that, when the 
polymer dissolved benzene and reprecipitated 
use methanol, the polymer still has tint 
pink, while the polymer obtained the dark 
reaction, when treated the same way, becomes 
completely colorless. The analogous 
more marked results were obtained 40°C; 
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1.0 
0.0 
Wave length, 
Fig. Absorption spectra the sample and the polymer. 
(1) pinacyanol iodide styrene and 
butanol (15: silica cell. 
(2) After light reaction (filter for hrs. 40°C. 
(3) The polymer separated from the sample (2). 
thus when the concentration dye made two TABLE 
fold and the illuminated portion the cell 
increased, the polymer obtained has marked 
pink color which can never eliminated the Temperature Time Dark 
above treatment. Fig. the absorption curve (°C) Filte 
the after hours irradiation through (10%) ilter 
40°C and that the polymer separated 6.9 
and dissolved mixture styrene and butanol 5.0 NiSO,aq. 
(15:1) are compared with the original curve. 5.4 soin. 
these facts demonstrate quite strongly that frag- 
ment decomposed dye molecule attached 5.0 
the polymer. 5.3 
experiment similar the above was tried 
for pinacyanol chloride, but this case was 5.2 
not possible recognize the same phenomenon. 5.5 
The average polymerization degree under various 5.6 
about 12000 for the thermal reaction 60°C. 6.7 
and for the reaction light seems that the 6.5 
value, approximately half that the dark, 
becomes less the faster the reaction. 5.4 
Quantum Yields for Photobleaching and 5.6 
for the Initiation Process Polymerization. 4.7 5.6 
The Value yields for photo- 
TABLE 
QUANTUM YIELD 
Quantum yield for bleaching Quantum yield for initiation process 
60°C. 60°C. 
0.78 4.7 4.8 4.3 
1.5 5.5 0.7 1.2 6.8 2.4 
4.5 1.0 8.4 2.5 
8.7 2.9 1.9 0.91 8.2 2.8 
4.2 2.0 3.5 
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TABLE 
THE VALUE 


a 


40°C. 
2.0 0.91 
0.79 
0.70 1.9 


2.8 


bleaching and for the initiation process poly- 
merization under various conditions are shown 
Table II, and the values Table III. 
was calculated using the P-value averaged 
for each filter. This procedure course not 
exact and the rigorous treatment will given 
below. further added that a-value 
the later stage reaction case V-O2 can 
not adopted, since the decomposed fragment 
dye attached the polymer still accelerates 
the reaction photochemically even after the com- 
plete fall the original maximum absorption 
utilized for determining the dye concentration. 
The order the quantum yields 1)>3)>2) 
both for the photobleaching and the photopoly- 
merization. 


Discussion 


first, let consider how obtain the 
correct value for the number initia- 
tion processes per one dye molecule decom- 
posed. The values hitherto tabulated were 
calculated according the following formula 
and must corrected accordingly. 


dark reaction 


light reaction 


60°C. 
NiSO 
V-R2 V-R2 
1.8 
1.6 1.2 
1.4 1.0 
2.3 


fore, plausible admit that the whole 
reaction mere superposition the two, 
and the average polymerization degree 
which was hitherto tabulated, weighted 
mean the two separate reactions occuring 
the different parts the cell. 

Thus one puts the quantities poly- 
merizations dark and light respectively 
follows: 

= 

where and are respectively the degree 
polymerization dark and light space. 
one uses P;, value calculated from (2) the 
more plausible values would obtained, 
which are tabulated Table III. 

Another fact criticized equation 
(1) the assumption that the polymerization 
light simple sum the dark-and 


Quantity (1) 


For this correction, there are two facts 
taken into consideration. One concerns 
the experimental condition and the other 
related the reaction mechanism. 

Now, scrutinizing the experimental condi- 
tion, was found that only 1.6/5 the 
sample irradiated. Hence one must con- 
sider that the polymerization light takes 
place only this part, while the remain- 
ing part only the pure dark polymerization 
proceeds the same time. may, there- 


photo-polymerization. This assumption will 
perhaps wrong, and order treat the 
problem necessary put forth correct 
mechanism for the reaction, which will re- 
quire more detailed kinetic investigation. 
All that can done the present stage 
research propose plausible mecha- 
nism and develop deduction the basis 
it. 

view the facts that the dye mole- 
cules the ground state not affect the 
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dark polymerization and that the number 
excited dye molecules the stationary state 
very small, the most plausible scheme 
the polymerization light will just the 
one which only the initiation process 
the sum the dark and light 
Thus, 
Initiation 
Propagation 
Solvent transfer 
Termination 


Vir 
k,[R] [M ] 


where Via and are respectively the rates 
thermal- and photochemical-initiation, and 
ky, and are the rate constants 
respectively for propagation, monomer trans- 
fer, solvent transfer and termination. All 
the other notations have the usual meaning. 

Now, worthy state that the above 
mechanism can supported some extent 
the basis the data already obtained 
follows. 

Thus the above mechanism correct, 
the average polymerization degree light 
easily given the following formula 

Combining (3) with the overall rate 
(4) 


(3) 


one gets 
1 keV 


Thus when plotted against must 
L 


give straight line. one takes 
quantity the polymer produced 1.6/5 
the cell per one hour, one can test the 
above relation with the data for the various 
dyes described the previous paper and 
with those various conditions including 
the dark reaction. 

The result satisfactory some degrees, 

Having thus shown the above scheme 
quite probable, one can, the basis 
it, obtain the more reliable values 
the following way. Combining the relation 


(6) 
with (4), one can rewrite the formula (5) 
the following way, 
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Light Dark 
Isocyanine 
Pinacyanol chloride 
Pinacyanol iodide 
Kryptocyanine 
Heptamethinthiocyanine 


V 
~ 


3 


Fig. Variation the average polymeri- 
zation degree with the overall rate. 


(Viat 


this equation Pz, and [S] are 
the known quantities. Hence the values. 
and are given, one can easily 
calculate Via can also calcu- 
lated one employs the data for and 
the thermal polymerization. Thus one 
gets which just the quantity necessary 
obtain the correct 
Now fortunate that the necessary 
constants for our system were already given 
previous literature. They are 


60°C 


most cases, the value Via few 
percent less compared with that 
Using the values obtained the above 


2) F. R. Mayo, R. A. Gregg and M. S. Matheson, 
J. Am. Chem. Soc., 73, 1691 (1951). 

3) R. A. Gregg and F. R. Mayo, J. Am. Chem. Soc., 
75, 3530 (1953). 

4) C. H. Bamford and M. J. S. Dewar, Proc. Roy. 
Soc., A192, 309 (1948). 
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procedure, one can get the most reliable 
values, which are given Table III and 
does not exceed 

order discuss the mechanism the 
reaction one must make further investiga- 
tions, particularly kinetic nature, but, 
from the results already obtained, one may 
give the following outline the reaction. 

The excited dye molecule interacts with 
the monomer molecule and 
polymerization, and the same time 
decomposes partially. Broadly speaking, the 
two reactions run parallel, but the process 
decomposition the dye molecule and 
that initiation polymerization are not 
necessarily identical process view 
the fact that value smaller than 
40°C while approximately 60°C. 
Activation seems necessary for the 
both reactions. 


Summary 


Choosing pinacyanol iodide sensitizer, 
the authors studied the effects tempera- 
ture, concentration dye and the wave 


incident light upon the photo- 


styrene and butanol (15:1). was found 


[Vol. 23, No. 


that the number initiation processes for 
polymerization produced one decomposed 
dye molecule decidedly less than 40°C, 
while about 60°C, and, from this 
result and other facts, was concluded that 
the initiation polymerization 
photobleaching are not necessarily iden- 
tical process though the two processes are 
related quite closely. for the probable 
scheme the polymerization light, was 
proposed that the addition dye 
mination only increases the initiation process 
without any effects upon the remaining 
processes the polymerization. 

was further found that, favorable 
conditions, the fragment decomposed dye 
molecule attached the polymer, which 
can also initiate the polymerization photo- 
chemically. 

more detailed account the experiments 
will reported Journ. Instit. 
Osaka City Univ. 

The cost the research has been partly 
defrayed from the Scientific Research Grant 
from the Ministry Education. 


Institute 
Osaka City University, Osaka 
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Ionization Potentials Aliphatic Alcohols 


Itiro Omura, Hiroaki and 
Keniti 


(Received December 20, 1954) 


Although there ample information about 
the ionization potentials homologous 
series, little attention has been directed to- 
wards the effect branched chain. The 
present investigation was undertaken 
study the variations the appearance 
potentials due the structure change 
this particular sort. 

The apparatus employed mass spectro- 
meter Hagstrum The first appear- 
ance potentials were obtained use 
Honig’s critical slope method,® argon being 
used the standard gas. 

The values obtained for methyl, ethyl and 
n-propyl alcohols are good agreement 
with those the previous investigators. 
will seen from the data the table 
that the observed ionization potentials de- 
crease magnitude the alkyl groups 
become either larger more highly branched. 
Further will noted that the potentials 
are strongly affected the structure changes 


FIRST IONIZATION POTENTIALS, (ev.) 


Values 
Present literature 
(Electron (Spectro- 


impact) 
alcohol 10.97+0.05 10.952) 
n-Propyl alcohol 10.42+0.1 
Isopropylalcohol 10.27+0.1 
n-Butyl 
Isobutyl 10.17+0.1 
alcohol 


the immediate neighbourhood the 
group. 

Prof. Hirota, for initiating the present 
work. Thanks are also due the Education 


Ministry for grant-in-aid. 


1) H.D. Hagstrum, Rev. Mod. Phys,, 23, 185 (1951). 

2) I. Omura, Bull. Res. Inst. Appl. Elec,, 6, 15 
(1954). 

3) R. E. Honig, J. Chem. Phys., 16, 105 (1948). 

a) J. D. Morrison and A. J. C. Nicholson, J. Chem. 
Phys., 20, 1021 (1952). 

b) W. C. Price, Chem. Rev., 41, 257 (1947). 


The Research Institute Applied 
Electricity, Hokkaido University, 
Sapporo 


The Dielectric Constant Japanese Coal 
(Preliminary Report) 


Isao Ryoiti and 
Keniti 


(Received November 10, 1954) 


Although numerous investigations have 
been undertaken into the physical properties 
coal, little information exists concerning 
its dielectric the present 
note the writers wish record some results 
their dielectric measurements various 
sorts Japanese coal. 

Each the test pieces this experiment 
was cut from the vitreous portion 
large block coal specimen and then care- 
fully made into the form circular plate 
about 4cm. diameter.* The test pieces 
thus prepared were kept desiccators over 
phosphoric anhydride for three four 
months. These pieces were considered 
dry, when their dielectric properties re- 
mained unchanged with further desiccation. 
The dielectric constant and power factor 
were measured use bridge circuit for 
the frequency range Mc./s. 

The dielectric constant, and power factor, 
tan two representative samples (bitumi- 
nous coal) are shown the accompanying 
figure. will seen that there 
anomalous dispersion distinct sort: 
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would inferred that there practically 
dipole rotation and further that there 
such heterogenity would produce the 
dispersion the Maxwell-Wagner 
The latter point may important con- 
nection with the Ellis’s that 
bituminous coal there exist crystallities 
graphite structure, these units being sup- 
posed different electric conductivity 
their surroundings. 

the refractive index European coal 
for the visible light between 
the dielectric constant recorded here 
believed slightly larger than the 
square the corresponding refractive in- 
dex. Further, the power factor coal 
found small and near those 
insulating materials. Therefore, may 
said that Japanese coal behaves almost like 
nonpolar substances: that is, mainly 
composed nonpolar molecules, its polar 
groups are almost completely hindered from 
rotation. 


log 
The dielectric constant and power 
factor two specimens from Hokkaido 
coal-mines: From Bibai-Bed, 
From Wakanabe-Bed, Akabira. 


Fig. 


Full discussion the experimental results 
well complete description the ex- 
perimental method will presented sub- 
sequent papers. 

The writers wish thank Prof. Takeya 
for his kind interest and also for supplying 
the coal samples examined this paper. 


* Thanks are due tothe technicians of the Geological 
Institute for the preparation of the test pieces. 

1) I. Miyasita, Bull. Res. Inst. Appl. Elec., 5, 123 

(1953). 

2) I. Miyasita, ibid., in press. 

3) K. Wagner, Arch. Elektrotech.,2, 371 (1914). 
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4) C. Ellis, Proc. Roy. Soc. (London), 212A, 1 
(1952). 
5) D. W. van Krevelen, Brennstoff-Chem., 34, 167 
(1953). 


The Research Institute Applied 


Electricity, Hokkaido University, 
Sapporo 


New Colorimetric Determination Small 
Quantities Fluoride Using p-Dimethyl- 
aminoazophenylarsonic Acid 


and Moriro 
(Received December 21, 1954) 


new colorimetric method for the determi- 
nation fluoride low concentration 
using p-dimethylaminoazophenylarsonic 
acid** lake based mainly the fol- 
lowing reaction 

lake+F-(or 
complex ion. 

The liberated Azodye can separated from 
the insoluble lake filtering and the 
absorbance the red color the Azodye” 
solution determined colorimetrically. 

series standard sodium fluoride 
solutions containing 0.01 1.00 p.p.m. fluoride 
are prepared. acid 1N, 
2N, and analytical grade. 

Stock solution The solution 

Stock solution The chloride solu- 

Preparation Suspended Lake Reagent.— 
ml. both stock solutions are mixed dropp- 
ing into gradually, and set for over 30min. 
room temperature. The 
brown lake obtained centrifuged (at 3000 
for few min.), decanted, and washed with 
repeatedly, and finally suspended 200 ml. 
This lake reagent stable for several 
weeks dark place. 

Procedure.—Ten ml. sample solution (If 
the concentration sample above 
p.p.m., dilute below p.p.m.) and 
standard fluoride solution are poured into 
matched test tubes with stoppers. Two ml. 
HCl, and suspended lake re- 
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agent are added cach tube, shaken for 
few seconds and set for the same space 
time strictly -e.g. for -at room temper- 
ature. (If more rapid determination de- 
sired, possible shorten this space 
time.) Filter off the lake filter paper (for 
quantitative use), and the colors filtrates 
(being deeper according contents) are 
compared with each other, the absorbancies 
them are determined and compared, using 
photoelectric colorimeter, spectrophotometer, 
colorimeter. The colored solution 
the Beer’s law conforms these dye solu- 
tions the above conditions p.p.m. 
easy and accurate evaluate the 
concentration the sample solution using 
only three standard solutions when the col- 
orimeter used. The colored filtrates are 
stable even when exposed diffused sunlight 
for long time that the absorbancy measure- 
ment need not hasty. 

Interfering substances which give 
p.p.m. error refering p.p.m. are: 
nitrite, cyanide, chromate, p.p.m. sulfite, 
permanganate, aluminum, p.p.m. sulfate, 
borate, antimony, The 
other common substances not interfere 
when their conc. are below p.p.m. large 
amount organic substance interferes also 
considerably. 

unnecessary consider these sub- 
stances rain water, river water and ground 
water usual. When large amount 
these substances present, the separation 
them from necessary. 
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Results. -The lowest concentration the 
standard solution, whose color can 
distinguished from that the blank test 
using photoelectric colorimeter, 0.01 p.p.m. 

factory follows: [Results 
using photoelectric 500 


Present Found 
0. 00,, 
1.00 1.00;, 0.99, 1.00, 0.98;, 1.02, 
Sample 0.06, 0.05-, 0.06, 0.06, 
water) 
water) 
spring 
water distilled 


This rapid and simple method for the de- 
termination the low concentration 
fluoride can widely applied the determi- 
nation fluoride natural waters. 


* This report was presented at the Symposium on 
Geochemistry of the Chem. Soc. Japan, October, 1954, 

** Abbreviation: ‘* Azodye”’,..... dimethylaminoazo- 
phenylarsonic acid. 

1) F. Feigi, and E. Rajmann, Mikrochemic, 12, 133 
(1933). 


Laboratory Analytical Chemistry, 
Liberal Arts, 
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